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■History  is  the  depository  of  great 
actions:   the  witness  of  the  past,  the 
example  and.  instructor  of  the  present 
and  monitor  of  the  futiire. Cervantes. 
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PREFACE. 

A  noted  writer  has  said  "Proficiency 
in  any  art  or  science  is  not  attained  until  its 
history  is  loaown.   Many  a  student  and  designer 
finds,  after  weary  hoiirs  of  thought,  that  the 
probl^ns  over  which  he  studied  were  considered 
and  inastered  by  others,  years  or  centuries  before, 
perhaps  with  better  results  than  his  own." 

-"•The   most  reraarkable  trend  of  modern 
thought  notwithstanding  the  effervescent  boast- 
fulness  of  the  present  century,  is  an  apprecia- 
tion of  the  work  done  by  tliose  who  have  gone 
before. 

(Tonsidering  these  statements  it  be- 
hooves the  present  day  engineer  to  look  into 
the  past  to  help  in  solving  the  problems  of  the 
future.   Ihe  writer  has  chosen  his  subject  with 
the  hope  that  it  may  prove  of  value  to  himself 
and  whoever  may  read  his  paper. 

To  give  a  complete  account  of  the 
develppment  of  the  suspension  bridge  in  a  paper 
of  this  kind  is  obviously  impossible.   Ho 
attempt  has  been  made  here  to  do  more  than  to 
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recount  the  successive  steps  In  the  development 
of  the  suspension  bridge  which  would  attract  the 
greatest  amo-jjat  of  attention  and  to  supply  as 
far  as  possible  such  facts  and  figures  as  have 
been  and  are  most  likely  to  be  in  deraand  for 
p\irposes  of  references. 

The  material  used  in  the  preparation 
of  this  paper  has  been  drawn  from  current  period- 
ical literature  and  from  writings  of  other  engi- 
neers,  A  blanket  reference  is  given  of  all  the 
articles  from  v;hich  material  has  been  abstracted. 
Many  of  the  illustrations  have  been  reprinted 
from  the  Engineering  News,  Engineering  Record 
and  other  technical  papers  and  reports . 

Ihe  writer  is  especially  indebted  to 
Prof.  LI.  E.  w'ells  of  the  Armour  Institute  of 
Technology,  for  his  assistance  and  encouragement; 
to  Elta  Virginia  Savage,  Librarian  of  the  "'estern 
Society  of  Engineers  Library  and  Edith  LI,  Ford, 
Librarian  of  the  Airaoiir  Institute  of  Technology 
Library,  v/ho  have  kindly  directed  his  researches 
through  the  valuable  voluranes  under  their  care. 
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"THE  EVOLUTION  OP  THE 
SUSPENSION  BRIDGE" 

Bridges  have  existed  since  the  dawn  of 
history.    Primitive  races  were  content  v;ith  rude 
structures  made  of  logs  or  trees  thrown  across  the 
streams,  or  by  ropes  made  of  vines  or  creepers 
forming  large  cables,  to  span  the  larger  rivers 
and  valleys.   Although  the  earliest  application, 
by  means  of  the  suspension  principle  for  bridges, 
probably  far  antidates  extant  records  of  the 
mechanic  arts  of  the  ancients,  we  are  compelled  to 
come  down  to  comparatively  modern  times  for 
authentic  accounts  of  the  earliest  known  suspension 
bridges.   Wadell  In  his  chapter  on  the  Evolution 
of  Bridge  Engineering  states  that  to  go  back  to 
the  beginning  of  bridge  building  one  must  revert  to 
the  days  when  our  arboreal  ancestors  fo3?med  living 
chains  of  their  bodies.   They  held  each  other  with 
aiTus,  legs  and  tails,  tlius  constructing  suspension 
bridges  across  the  water,  from  the  over  hanging 
branches  of  opposite  trees,  which  enables  their 
tribe  to  pass  over  in  safety  to  the  other  side. 


"  '^   "^aoipfl  rfwoif^j-   z&vii  io  agol  lo  Qbaax  aoiuiosnic 
Jioqetto  to  aenlv  lo  ebiam  aeqoi  y^  '^o   ,ani30tJe 

^aoglji'icf  lol  elqloni'-iq  noleneqewe  erii  lo   aanom  x'^ 

erfJ-  lo  aX)*^oosi  jn^^x©   aecfx3i)jt,Jnj3  ijbI  y-^cT^o'^Q 

oi  boIIoq;;ioo  eifi  ow  ,aJ'n9lon^  eiH  lo   eJ^^  olxiijrioen 

ncl   Bsr.ld-  nioJbor.t  -^Isvl J .eiiiqxiioo  od'  avfob  s.iioo 

noJ-srreqaji/B  nwo^i;!  Jaeil'TB©  ertt  lo  a-tru/oooB  ol.tn8jlJjL;£ 

fiolJ-x'Xov^    Qdi  no  'xad-qBifo   airf  nl  llQbB'u        .ae^filic 

oJ-  :IOBC  03  o^  o   riJ-   eojsd'a  anIneenisnE  ©sbliS  lo 

oj-  J-ievsi  J-axji.1  sno  3nlf)Xi//cf  ©siii'icf  lo  aniro-iigsd  ©riJ 

a^i-tvll  fjoxfnol  ano^aaoxuB  Iflsiocf'iJB  iwo  xisrfw  sY-si)  orld- 

rfiJtTf  lerLio  tio&a  bled.  Y©rfr        •aeiLocf  il9di  lo  ani.^n'o 

noJtaneqejja  aniJojj'ijanoo  Bjjjcf;t   ^allai  bcB  339I   ,arm~; 

rnl^aii  levo  oxl^  xrio'xl   ,i6iBW  edi  eaoioa  eosJblio 

■ilorfj-  aeXcfBn©  rfoldvr  ,393'iJ-  &^Jt8oqqo  lo  aerTonBicf 
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This  custom  is  st5.11  practiced  by  their  undevelop- 
ed descendants  who  reside  today  in  South  American 
forests. 

The  suspension  principle  of  bridging 
rivers  and  valleys  was  used  in  remote  ages  in 
China,  Japan,  Thibet,  and  by  the  Dykas  of  Borneo, 
the  Aztecs  of  Mexico,  and  the  natives  of  Peru  and 
other  parts  of  South  America.   These  primitive 
bridges  were  very  light,  requiring  no  piers;  were 
economical,  and  are  still  to  be  found  in  Peru, 
parts  of  China,  India  and  Ireland. 

De  Ulloa,  writing  in  1752,  describes 
suspension  bridges  known  in  South  America  before 
its  discovery  by  Europeans.   These  bridges  were 
made  hj   twisting  together  creepers  to  form  large 
cables,  which  spanned  rivers  and  valleys.    Pour 
such  cables  bound  together  and  covered  with  reeds 
constituted  the  footv/ay,  while  two  others  served  as 
hand  rails.   Another  type  called  the  "tarablta" 
was  capable  of  transporting  beasts  of  burden  as 
well  as  people.   This  type  consisted  simply  of  one 
large  cable  six  or  eight  inches  in  diameter  formed 
of  twisted  strands  of  creepers  or  of  oxhide  thongs. 
One  end  of  the  cable  was  supported  by  a  tree  or 
post  on  one  shore,  while  the  other  end  was  led 
around  a  drum  used  to  put  tension  upon  the  rope. 
A  leather  hammock  suspended  from  the  cable  by  a 
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aedlioaoJb   ,23VX  nl  s^fi-tJ-tiw  ,boIITJ  ©c 

eiolotf  BOiteii;  r;!  nwon?!  39s£ilicf  ixianoqax/a 

onow  BO?^ltcf     oaerC        .anissqcii^  Y<f  -z^QVooaLb  sit 

9£'.  ^  -eqssio  iQiio  ':isix;i  ^^d  ofjjarr: 

'\bii  voo  ftnB  -I.  bm/ocf  B©Icf,iO  xioi/s 

-.c   /icvi-.  3  ercexU-c  .aiv/  ^x^v/iool  e  .:. 

J-ldBiB^"  Qdi  b9llsiQ  eqx^  lejcWoaA       .alian  . 

3B  noI)iud  lo   Qd-33ecf  ^p-tiioqaasiii  lo  ©Id^q^o  bbk 

ono  lo  vJ^qmia  £>e,t32  .  J  ajtrff        .olqoaq  aj8  lle,i 
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bol   ajBT;  bn©  larfcfo  ©rtt  ©lirtw  tSio  .-:o  . 
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loop  or  clue  at  either  end,  served  as  the  trans- 
porting carriage  for  both  men  and  animals.   A  small 
rope  affixed  to  this  hammock,  and  leading  to  either 
shore  was  used  to  drav;  passengers  ficross.   Some- 
times two  tarabitas  were  used  side  by  side,  the 
cables  being  inclined  in  opposite  directions. 

Turner,  in  his  "History  of  his  Embassy 
to  Thibet"  describes  an  ancient  bridge  at  Bootan 
in  Asia.    It  was  built  for  the  accomodation  of  a 
single  passenger  and  coinraunicated  between  two 
mountains.   The  bridge  consisted  of  tv/o  parallel 
ropes  made  of  twisted  creepers,  encircled  by  a  loop. 
The  traveler  sits  in  the  loop  between  the  ropes 
and  draws  himself  along  by  hand.   A  bridge  of  this 
type  crosses  the  River  SutleJ ,  British  India,  a 
raging  torrent  in  a  roclry  highland  glen.   The 
bridge  is  called  a  "jhoola"  or  rope  bridge.   The 
passenger  takes  his  seat  in  a  loop  of  rope  made  to 
slide  along  the  stretched  cable,  and  is  hauled  over 
by  men  on  the  opposite  banlc  of  the  river. 

Another  type  of  rope  suspension  bridge 
is  the  three-rope  foot  bridge.   It  concists  of  a 
single  tight  rope  with  two  smaller  ones  at  higlier 
levels,  to  form  side  supports  for  the  traveler. 
An  example  of  this  type  is  shown  in  Pig.  1.   This 
bridge  crosses  the  Jheliun  River  in  Northern  India. 
It  is  interesting  on  account  of  the  simplicity  of 
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Pig«  1  An  Indian  Foot  Bridge 


tlie  floor  and  the  remarkable  uniformity  of  the 
spreaders,  which  though  of  natural  growth,  are 
practically  the  same  angle  and  size  throughout  the 
bridge.   A  similar  and  almost  equally  primitive 
suspension  bridge  is  the  one  built  over  the 
Canadian  River  in  Oklahoma.   This  bridge,  however, 
as  may  be  seen  in  the  illustration.  Pig.  2,   has  an 
elaborate  floor  system  as  compared  with  that  of 
the  Hindoo  structure.   The  bridge  is  hving  between 
two  trees.    It  was  built  by  "line  walkers"  whose 
duty  it  T/as  to  inspect  the  main  trunk  pipe  line 


o.:^    iuo£ii]Uoi£it  ©sia  Ijjris  alaaa  Oiiise  odi  x-^^^^-^^oanc 

IJ  levo  illud  ono  ©xIJ"  al  S£f)iicr  noiarisqaixa 

»    jv.y.7o  ^  ^©QfiiiQ'  aixfL'        .airtoiialalO  ni  iev2:.  n-siLjori,-:. 

na  a;3d  ,2   .gl'"!   ^rtolJ-TiJ-ajjIIl  ocIcJ  ni  nes^s  ©cf  "^afri  as 

lo  SbcU  riilfi  b&iiiqr.ioo  aa  ia04»^a  tooll  ©cfB'xocffila 

n©dT;Jocf  axiwxf  al  ©s^i'icf  ©rfT       .arty^foxn^a  ooftnil!  ©xli 

o-jojrfw  "a'-xDiI-^Tv;  ©nil''  vd  vlliwcf  a/jv;  il        .aoeii   6w;t 

"vHq  ^Lruni  ttlBin  orli  ^oeqani  od   2Xi\i  J-i:  x^^^ 
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Pig.2  Suspension  over  the 

Canadian  River,  Oklahoma 


of  the  Gulf  Refining  Co. 

At  the  discovery  of  America,  bridges 
resembling  the  suspension  type  were  found.   In 
the  year  1802  H\amboldt  found  a  suspension  bridge 
across  the  River  Chambo,  in  Peru,  South  America, 
the  ropes  being  3  feet  thick,  made  of  roots  of  the 
Agave  Americana.    The  span  vms  40  feet.   A 
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similar  bridge  called  the  "Penepe"  crossed  the 
River  Chambo  In  Cj^ito,  South  America,   Tlie  cables 
were  made  of  plant  fibre  4  inches  in  diameter;  v/ere 
supported  on  timber  end  frames  and  fastened  to 
posts  driven  into  the  ground,  the  road  lying  on 
the  cables  and  conforming  to  their  curve.   The 
span  V7as  151  feet.   Another  bridge  in  Fern   of 
similar  character  is  said  to  have  had  a  span  of 
225  feet  and  to  have  been  built  many  years  ago.   A 
native  bridge  at  Caucasus  had  a  span  of  80  feet. 
It  was  a  narrow  foot  path,  strong  enough  for  loaded 
mules.   It  consisted  of  tvfo  cables  made  of  twist- 
ed creepers  and  fastened  to  trees  on  shore. 

Rope  bridges  were  mtxch  used  in  times  of 
war.   One  across  the  Padus  River  in  Italy,  built 
in  1515  by  the  Landsknechte,  a  kind  of  regular 
troops,  (Germ-ans  and  Switzers )  to  transport 
artillery.   In  the  year  1595  Admiral  Goligny 
built  a  rope  bridge  across  the  Clain,  in  France, 
and  used  it  in  the  siege  of  Poitiers  during  the 
reign  of  Charles  IX  of  France.   Herj?y,  Prince  of 
Orange  used  similar  bridges  in  his  campaign  against 
Ghent  and  Bruges  in  1631. 

Inform.ation  relating  to  the  early  history 
of  bridges  in  China  is  very  indefinite,  but  enough 
is  laiown  to  prove  that  suspension  bridges  were  used 
in  that  country  in  very  remote  times.   The  first 
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one  of  which  any  date  is  given  was  built  in  A.D.  65 
by  order  of  the  Emperor  Ming,  in  the  province  of 
Yunnan,  as  described  by  Kirchen.   Ihis  bridge  v;as 
330  feet  long,  with  a  planic  floor  resting  on  chains. 
A  very  early  bridge  crossed  the  Tchin-Chien  River 
in  Thibet  with  a  span  of  about  140  feet,  called 
the  "Bridge  of  Chulca  Castle".    Ihe  natives  had  no 
knowledge  of  its  building  and  attributed  it  to 
fabulous  origin.    It  consisted  of  a  roadway 
carried  by  five  chains  covered  with  bamboo  railing 
on  either  side  for  the  security  of  travelers.  A 
chain  bridge  foujid  at  Bootan  by  Turner  consisted 
of  two  chains,  4  feet  apart,  between  T^hich  a  plank 
walk  8  inches  wide  for  foot  passengers  was  suspended 
by  roots  and  creepers,  which  latter  had  to  be  re- 
placed annually.    This  bridge  had  a  span  of  70  feet. 


Pig. 3  Rope  Bridge  at  Carrick-a-Reede,  Ireland 
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More  recent  bridges  of  this  type  may  be  found  at 
Carrick-a-Reede,  Ireland,  as  illustrated  in  Fig. 3, 
and  one  over  Tygert  Creek  in  Carter  Coxxnty,  Eentucl<y 
Pig. 4,  with  a  span  of  140  feet,  and  cables  fastened 
to  trees.    It  has  two  main  cables  made  of  an  old 


Pig. 4  Primitive  Suspension  Over 
Tygert  Creek,  Kentuclcy 


wire  incline-rope.   Considerable  skill  and 
experience  are  required  for  a  safe  passage.   The 
upper  cable  shown  was  originally  put  in  place  for 
a  hand  rail. 

In  the  year  1754  the  army  of  the  Palatinate 
of  Saxony,  in  Germany,  built  a  chain  bridge  across 
the  Oder  River  near  Glorywitz,  in  Prussia,   it  v;as 
used  for  military  pvirposes.   A  chain  stretched 
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acrosK  between  tv;o  rocks  that  cor.Tnia.nd  the  town  of 
Monstiers  in  the  Department  de  Basses  Alpes  is 
mentioned  by  Jl,   Navler.   It  appears  hov/ever  not 
to  be  used  as  a  bridge,  but  rather  as  an  offering 
to  the  Virgin  to  obtain  protection  for  the  town. 
It  is  interesting  to  note  that  the  iron  is  said  to 
have  been  \inlnjured  by  2?ust»    The  chain  is  656  feet 
long,  made  of  rods  2  feet  1-|  inches  long  and  3/8  inch 
in  diameter  hooked  into  one  another.   The  time  of 
erection  is  supposed  to  have  been  about  the  15th 
centtiry.  • 

There  are  no  accourits  of  the  existence  of 
iron  suspension  bridges  in  Europe  before  the  18th 
centuj?y.   Ihe  first  European  suspension  bridge 
appears  to  have  been  built  in  England  about  1741. 
It  crossed  the  River  Tees  near  High  Force  two  miles 
from  lliddleton.   The  Tees  bridge  v/as  built  for  the 
convenience  of  miners  in  the  district.   Its  span 
was  70  feet  and  width  a  little  more  than  2  feet. 
The  floor  lay  directly  on  cables  about  60  feet  above 
high  water.   A  hand  railing  was  provided  on  each 
side  for  the  protection  of  the  traveler.   In  1802 
the  bridge  fell,  killing  one  or  two  people  and  was 
replaced  by  a  similar  one  knovm  as  the  Wynch  Bridge 
which  was  still  standing  in  1908. 

It  v/as  believed  that  the  invention  of 
suspension  bridges  by  Sir  Samuel  Brown,  spr\ing  from 
the  sight  of  a  spider's  web  hanging  across  the  path 
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of  the  inventor,  observed  on  a  morning's  walk, 
when  his  mind  was  occupied  with  the  idea  of 
bridging  the  Tweed.   The  artificer  of  the  web,  who 
really  guided  Sir  Samuel  Brown,  was  the  American 
engineer,  James  Pinley,  of  Payette  County,  in  the 
State  of  Pennsylvania.   In  the  year  1796  Finley 
built  the  first-  regular  suspension  bridge  across 
Jacobs  Creek,  on  the  tvirnpike  betvieen  TJniontown 
and  Greensbxirg,  in  Pennsylvania,   Hie  Principal 
features  of  Pinley 's  invention  consisted  in  the 
application  of  artificial  stone  abutments,  in  the 
introduction  of  only  two  chains,  one  on  each  side 
of  the  bridge,  the  linl:s  of  which  were  as  long  as 
the  distances  between  cross-bearers  or  joists. 
He  also  applied  1/7  of  the  span  for  the  deflection 
of  the  cables,  introduced  the  suspension  rod  and 
stirrups  and  used  the  same  angle  as  the  main  chains 
for  the  anchor  chains  to  avert  the  pov/ers  acting 
to  overthrow  the  towers.  His  specifications  read 
as  follows:    "To  bind  and  connect  the  whole  that 
they  have  the  same  effect  as  a  platform  of  one  piece, 
four  or  m.ore  Joists  will  be  necessary  for  the  upper 
tier  -  to  extend  from  end  to  end  of  the  bridge;  each 
will  consist  of  more  than  one  piece,  and  the  pieces 
had  best  pass  each  other  side  by  side  so  that  the 
ends  may  rest  on  different  joists  on  the  lovrer 
tier.   The  splice  v/ill  then  extend  from  one  joist 
to  another  of  the  lower  tier,  and  must  be  bolted 
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together  by  one  bolt  at  each  end  of  the  splice. 
The  planlcing  floor  is  laid  on  the  upper  tier.  " 

■These  beams  served  to  stiffen  the  floor 
or,  in  other  words,  to  neutralize  the  moment  aris- 
ing from  the  loads  and  wind.    Prom  a  careful 
study  of  Pinley's  plans  we  can  see,  how  through. 
mistinder standing  and  neglect  of  his  well  founded 
directions,  many  disasters  were  caused  to  suspension 
bridges . 

The  bridge  across  Jacobs  Creek  had  a  span 
of  70  feet  and  was  supported  by  two  iron  chains , 
one  on  each  side  of  the  bridge.   The  links  of  the 
chains  were  as  long  as  the  distance  between  floor 
joists.   The  floor  v;as  of  v;ood  12-|  feet  wide  suspend- 
ed from,  the  chains.    The  cables  had  a  sag  of  10  feet 
or  as  Pinley  recommended  1/7  of  the  span  and  passed 
over  masonry  towers  with  the  ssjiie  angle  of  inclina- 
tion on  each  side. 

Until  the  year  1801,  according  to  Pinley's 
patent,  eight  bridges  had  been  built  in  the  United 
States,  and  between  the  years  1801  and  1808,  forty 
others  had  been  erected.    The  largest  of  all  was 
the  Schuylkill  chain  bridge  of  306  feet  span.   This 
bridge  crossed  the  Schuylkill  River  at  B&.irmont 
Park,  Philadelphia.   It  is  represented  by  an  old 
illxistration  v/ith  tviro  spans  of  153  feet  each.   It 
was  the  first  appearance  of  a  suspension  bridge  vilth. 
more  than  one  span.    The  cables  were  made  of  long 
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iron  links  from  which  the  floor  v^as  hiing  with 
rods.   It  collapsed  in  the  year  1811  under  a 
drove  of  crov/ding  cattle  and  was  replaced  by 
another  suspension  bridge  which  fell  on 
January  17,  1816,  under  a  weight  of  snow  and 
ice,   A  third  bridge  was  opened  in  July  1816 
and  had  a  single  408  feet  span  with  a  passage 
way  of  only  18  inches.   This  bridge  was  the 
work  of  White  and  Hazard,  who  owned  and  operat- 
ed a  wire  mill  near  by.    The  cables  v/ere  made 
of  six  3/8  inch  wires.   It  is  noted  for  being 
the  first  wire  suspension  bridge  in  any  country. 
The  bridge  fell  the  same  year  under  a  load  of 
snow  and  ice,  and  was  replaced  by  the  Colossus, 
a  wooden  bridge  which  was  opened  in  December 
of  1817. 

It  is  interesting  to  Iniow  the  names 
of  some  of  Pinley's  first  suspension  bridges. 

The  Potomac  Bridge,  near  Washington, 
had  a  span  of  13o  feet,  its  floor  being  15  feet 
wide.   It  was  supported  by  two  chains  of 
1|-  inch  wrought  iron  bars.   The  Cvonberland 
Bridge  in  Hai^yland  had  the  same  span;  the 
Brandywine  Bridge,  near  7/ilmington,  Delaware, 
was  built  with  a  145  feet  span  and  a  roadway 
30  feet  v/ide;   and  tv/o  at  Brownsville, 
Pennsylvania  in  Payette  County,  v/ith  spans  of 
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120  feet.   The  one  at  Wilmington  over  the 
Potomac  v/as  washed  out  by  a  freshet  about  1840 
and  was  replaced  by  a  wooden  bridge.   A  bridge 
across  the  Merrimac,  5  miles  above  Newburyport, 
in  the  State  of  Massachusets,  which  replaced 
Timothy  Palmer's  old  wooden  one  of  1792,  was 
built  tinder  the  direction  of  John  Templeman,  of 
the  District  of  Columbia.    It  is  one  of  the  most 
interesting  buildings  in  the  history  of  bridges. 


Fig. 5  Essex-Merrimac  Chain  Suspension 


•Ehe  span  of  this  bridge.  Pig. 5,  was  244  feet, 
the  towers  were  47  feet  long  and  37  feet  high, 
and  made  of  good  masonry.    The  two  road?;ays 
were  15  feet  wide,  each  having  two  sets  of 
cables  containing  three  chains  each  or  a  total 
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of  twelve  chains.   Hie  chains  were  made  of  links 
1  inch  square  and  27  inches  long.   One  chain 
broke  in  1827  under  a  load  of  fo\ir  oxen  and  a 
horse.    It  v/as  repaired  and  again  strengthened 
in  1900  by  adding  tv/o  new  wire  cables  to  one  of 
the  roadways.   This  bridge,  knovm  as  the  Essex- 
Merrimac  suspension  bridge,  v;as  thrown  open  to 
the  public  in  November  of  1810,  and  v/as  closed 
in  the  summer  of  1909,  on  the  assimiption  that  it 
was  unsafe  after  a  century  of  use. 

Lir.  Finley  designed  tv/o  bridges  crossing 
the  Lehigh  River,  one  at  Korthampton,  Pennsylvania, 
in  1811,  and  another  at  Allentown  in  1815.    The 
bridge  at  Northampton  had  a  total  length  of 
475  feet,  three  towers  supporting  two  intennediate 
and  two  end  spans,  double  roadways  and  two  foot- 
walks  6  feet  wide.   This  was  the  second  suspension 
bridge  of  more  than  one  span.   The  Allentown 
Bridge  had  two  spans  of  250  feet,  cables  of  iron 
bars  cari'^ying  a  roadway  30  feet  wide.    It  was 
damaged  by  fire  in  1828  and  carried  avmy  by  a 
flood  soon  afterwards. 

The  application  of  v/ire  for  suspension 
bridges  is  also  an  American  invention,  as  the 
first  wire  bridge  was  built  before  the  year  1808, 
at  Philadelphia,  over  the  Schuylkill  River,  with 
a  span  of  408  feet.    The  existence  of  the 
American  wire  suspension  bridge  T/as  well  known  in 
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Europe  a  long  time  before  the  first  regular 
suspension  bridge  was  built  there.   Pope's 
book,  v/hich  mentioned  this  type  of  bridge,  was 
well  known  in  France,  and  Seguin,  as  v/ell  as  the 
famous  French  engineer  Navier,  made  use  of  it. 
Sir  Samuel  Brown  knew  of  Finley's  important  inven- 
tion in  connection  with  Templeman's  improvements 
as  early  as  1814.   Navier  was  sent  by  the  French 
Government  to  England  in  1821  to  study  and  investi- 
gate suspension  bridges,  and  tv;o  years  later  he 
published  a  book  on  the  subject,  vifhich  was  follo^v- 
ed  in  1824  by  a  treatise  written  by  the  elder 
Seguin.   Navier  used  l/l2  and  l/l5  of  the  span 
as  the  versed  sine  of  the  cable  while  Finley's 
bridges  had  a  deflection  of  only  l/V. 

Sir  Samuel  Erown  was  the  first  engineer 
in  England  to  investigate  and  develop  the  suspen- 
sion bridge.   He  proposed,  in  1811,  the  use  of 
flat  bars  or  links  for  cables  instead  of  square 
and  round  bars  as  previously  used.   During  the 
years  1814  to  1830,  although  several  of  his 
structures  collapsed,  Lj?.  Brown  greatly  improved 
the  design  of  suspension  bridges.   The  English 
engineers  were  the  first  to  propose  and  apply 
stays  for  suspension  bridges  in  connection  with 
cables  as  well  as  without  them. 
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The  first  of  these  bridges  was  built 
by  Richard  Lees,  at  Galashiel,  over  the  Galawater 
in  the  year  1816,  of  a  span  112  feet  and  cables 
of  slender  wire.   Hie  bridge  at  Kings  Keadows, 
over  the  Tweed,  v/as  built  the  follovring  year. 
It  was  designed  by  Redpath  and  Brov/n  with  a  span 
of  110  feet,  and  a  4  feet  deck  and  similar  cables. 
It  had  iron  towers  9  feet  high,  stays,  plank 
floor  and  a  railing.   Another  structure  at 
Thirls tone  Castle  had  a  span  of  125  feet.   At 
Kelso,  on  the  Tweed,  a  bridge  of  300  feet  span 
was  built  for  carriages.    The  roadway  was  18  feet 
in  width.   A  bridge  at  Dryburg  Abbey  over  the 
Tweed,  with  stays,  was  260  feet  long.    It  v/as 
built  by  Messrs.  Smith  and  v/as  very  movable,  so 
much  so  that  four  persons  could  shake  it  so  as  to 
break  one  of  the  stays.    In  the  year  1818  it  v/as 
blown  dovm  but  soon  after  it  was  rebuilt  accord- 
ing to  Pj.nley's  system,  ?/hich  provided  for  strong 
longitudinal  beams,  railings,  and  anchors,  like 
those  at  the  Niagara  bridge,  to  resist  the 
obnoxious  motion.   The  cables  were  12  feet  apart 
at  the  towers  and  4  feet  apart  at  the  center,  the 
object  being  to  reduce  the  side  motion.   This  was 
probably  the  first  use  of  cradling. 

In  1819-20  Ivlr.  Brown  designed  and  built 
the  first  large  suspension  bridge  in  Great  Britain, 
the  Union  Bridge  over  the  River  Tweed,  at  Berwick. 
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Hie  span  was  449  feet  with  a  roadway  18  feet 
wide  stispended  from  twelve  ca.bles,  six  on  each 
side.   The  cables  hung  in  three  tiers  above  each 
other  with  two  chains  in  each  tier.   They  were 
made  of  roujnd  wrought  iron,  2  inches  in  diameter, 
15  feet  long  united  by  coupling  links,  1  1/8  inches 
in  diameter  and  7  inches  long.   About  six  months 
after  the  completion  of  the  bridge  it  was  blov7n 
down  by  a  violent  storm.   Despite  the  fact  that 
several  of  l;Ir.  Brovm's  structures  collapsed,  he 
greatly  improved  the  design  of  suspension  bridges, 
but  neither  he  nor  Mr.  Telford  used  stay  cables, 

A  project  for  bridging  the  Llenai  Straits, 
between  the  Islands  of  Angles ea  and  Carnarvonshire, 
in  Wales  had  been  considered  in  England  for  many 
years.   Betv-'een  the  years  1776  and  1819  several 
designs  had  been  submitted  by  Golbourne,  IJichols 
and  Telford,  but  v;ere  not  accepted.   Finally  a 
suspension  bridge  was  decided  upon,  and  actual 
construction  yi&s   begun  in  1819  imder  the  direction 
of  Thomas  Telford,  as  chief  engineer.   The 
bridge.  Pig, 6,  had  a  central  span  of  58o  feet 
and  tvio   side  spans  of  28o  feet  each  with  four 
stone  arches  of  5o  feet  at  one  end,  and  three 
similar  ones  at  the  other  end,  making  a  total  of 
1701  feet.   The  platform  is  30  feet  wide  divid- 
ed into  12  feet  driveways  with  a  4  feet  walk  . 
between  them,  at  an  elevation  of  120  feet  above 
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low  virater  and  suspended  from  16  main  cables,  one 
set  at  each  side  of  the  roadr/ay.    The  cables 
have  a  versed  sine  of  45  feet  and  pass  over  stone 
towers  founded  on  rock,  the  top  of  the  towers 


Fig. 6  Menai  Straits  Bridge,  England 


being  152  feet  above  high  water.   Each  chain 
contains  five  iron  bars  i  inch  by  1  inch,  10  feet 
long  united  by  8  inch  by  16  inch  linl:s  and  3  inch 
pins.   It  was  badly  damaged  by  a  violent  wind 
storm  in  January  1839,  when  one-third  of  the 
hangar  rods  were  broken  and  both  roadvfays  made 
impassible,  but  it  was  soon  afterwards  repaired. 
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Suspension  bridges  were  introduced  on 
the  continent  about  1820.    The  first  v/as  at 
Geneva  over  the  Posse  in  1823.    This  bridge  had 
two  equal  spans  of  132-^  feet.    The  platform  was 
7^  feet  wide  and  300  feet  long  supported  by 
round  rod  hangars  from  4  wire  cables ,  two  at  each 
side  of  the  roadway.    The  upper  and  lov;er  cables 
were  1  inch  and  1  1/8  inches  in  diameter  respec- 
tively.  Several  other  wire  suspension  bridges 
were  built  in  Prance  during  the  same  year^  by  the 
Seguin  Brothers  of  Lyons, 

^\iring  the  sane  year,  Telford  designed 
and  started  construction  of  a  bridge  to  cross  a 
deep  and  rapid  Channel  in  North  V,^ales  which  adjoins 
the  old  Conway  Castle,  now  in  partial  ruins,  at 
that  point.    The  bridge  known  as  the  Conway 
Bridge  is  shown  in  Fig. 7.   It  had  a  span  between 
the  towers  of  327  feet  and  4  eye  bar  chains  on 
each  side  3-|-xlinchx9feet  long  hung  above  each 
other  but  not  connected.    The  chains  have  a 
center  sag  of  22  feet  and  are  anchored  back  into 
the  solid  rock.   The  bridge  continaed  in  use  in 
its  original  condition  for  80  years,  but  was 
then  found  to  be  insufficient  for  raodern  loads 
and  travel.   It  ivas  strengthened  in  1904  by 
the  addition  of  new  anchorages,  foi^r  nevf  wire 
cables,  two  on  each  side,  and  new  suspension 
links  and  stiffening  girders  Q^   feet  deep. 
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Pig«7  Conway  Bridge,  North  Wales 


In  1823  Sir  Samuel  Brown  designed  and 
built  the  Brighton  Chain  Pier,    Ihe  length  over 
all  was  1,136  feet,  with  fo\ir  spans  of  225  feet. 
The  deck  was  supported  by  four  chains  at  each 
side  of  the  roadv/ay.   Each  chain  consisted  of 
links  10  feet  long,  joined  by  double  couplings 
and  bolts.    It  had  a  sag  of  18  feet  in  each 
span.   After  being  used  for  13  years  the  pier 
7;as  daraaged  by  the  action  of  heavy  waves  during 
a  great  storin.   The  total  cost  of  this  structure 
was  $150,000, 

In  1826-27,  7;hen  Telford  ^7as  completing 
the  two.  suspension  bridges  at  Bangor  and  Conv/ay,  • 
a  notable  one  of  several  spans  v;as  begun  under 
the  direction  of  Thomas  Haven,  at  Ilewburyport , 
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Llasssachusetts.    Ihis  bridge  crossed  the 
Merrlmac  River  between  Ne¥/bxiryport  and  Salisbury, 
below  carr  Island,   It  had  three  river  and  two 
shore  spans  supported  on  two  abutments.    The 
cables  were  wrought  iron  links  with  four  groups 
of  three  links  in  each,  supported  on  timber 
towers  31  feet  high,  standing  on  log  cribs 
filled  with  stone. 

Between  the  years  1824  and  1327, 
William  Tierney  Clark  designed  and  erected  the 
Old  Hainmersriiith  Bridge  across  the  Thames  at 
London,    Ihis  bridge  had  a  central  span  of 
400  feet,  and  two  side  spans  of  147  feet.  After 
60  years  of  use  it  v/as  foiind  to  be  too  light 
and  X7as  rebuilt  on  the  old  foundations  under  the 
direction  of  Sir  J.  Bazalgette.    It  is  ornamental 
and  one  of  the  most  attractive  objects  in  London. 
The  erection  of  the  bridge  at  Vienna,  over  the 
Danube  Canal,  saw  the  first  use  of  steel  for 
bridge  building  in  any  country.    It  had  a  span 
of  354  feet  and  cables  consisting  of  flat 
eye-bars  of  open  hearth  steel.   It  was  taken 
down  in  1860,  and  was  replaced  by  another  suspen- 
sion bridge,  designed  by  Schnirch,  with  a  clear 
span  of  225  feet.    This  was  the  first  and  only 
railroad  suspension  bridge  in  Europe.   In  1884-5 
it  was  again  replaced  by  an  iron  arch.    The  second 
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struoture  had  two  vertical  lines  of  braced 
chains  at  each  side,  4  feet  apart. 

During  the  years  1829-30,  two  suspension 
bridges  appeared  in  England;   the  first  one  at 
Montrose  having  a  span  of  432  feet  and  cables  of 
flat  wrought  iron  bars.   Sir  Samuel  Brown  design- 
ed this  bridge  and  nine  years  after  it  was  opened, 
it  met  the  fate  of  his  other  bridges  at  Brighton 
and  Berwick.   In  1840  the  chains  gave  way  with 
a  load  of  7oo  men  on  the  floor,  causing  a  consider- 
able loss  of  life.   Rendel  reconsti?ucted  the 
bridge  and  stiffened  it  v/ith  trussing.    "Hie 
second  bridge  ¥/as  also  designed  by  Brovai  and 
crossed  the  Tees  carrying  a  railroad  from  the 
Durhain  coal  fields  into  Yorkshire.    It  had  a 
clear  span  of  281  feet  with  stone  toTvers  and  a 
cable  sag  of  28  feet.    Ihe  deflection  v/as  so  great 
that  piles  v;ere  driven  under  the  platform  to  support 
it,  and  in  1841  nothing  remained  e?:cept  the  chains 
In  1842  it  was  replaced,  under  the  direction  of 
Geo.  Stephenson,  by  a  cast  iron  bridge  of  five  spans. 

About  1832  James  Dredge  evolved  a  new 
suspension  bridge  principle  with  floor  rods  in- 
clined instead  of  vertical.   He  arranged  the  chains 
in  vertical  planes  increasing  uniformly  in  section- 
al area  from  the  center  of  the  span  to  the  towers, 
combined  v;ith  a  compressive  member  at  the  floor 
level.   His  bridge  across  Balloch  Perry,  Loch 
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Loraond,  v,ras  designed  according  to  this  principle. 
This  bridge  had  a  total  span  of  292  feet  and  v/as 
200  feet  betv/een  tov;ers,    The  chains  v;ere  made 
of  15  rods,  7/8  inch  in  diameter  at  the  towers, 
decreasing  uniformly  to  a  single  rod  at  the 
center  of  the  span.   A  bridge  of  this  type,  with 
latticed  trusses  and  battlemented  tov/ers,  was 
also  designed  by  I,Ir.  Dredge  to  cross  the  River  Spey. 

In  the  year  1831  the  French  engineer 
Vicat,  in  his  report  on  the  suspension  bridges 
across  the  River  Rhon,  described  his  method  for 
building  wire  bridges  in  place,  directly  on  the 
towers  and  abutments.    The  method  is  as  follovrs: 

"The  tov/ers  and  abutments  of  a  suspen- 
sion bridge  being  finished,  the  points  of  attach- 
ment ready  to  receive  the  cables,  and  supposed 
that  a  number  of  double  wires  of  equal  lengths, 
forming  circuits,  are  wound  on  different  reels, 
these  are  dravm  from  one  pillar  to  the  other  by 
means  of  a  thin  endless  rope,  like  the  guide  rope 
of  a  flying  ferry,  and  moved  like  the  chain  of 
a  chain  pump." 

Llr.  Chaley  applied  this  method  to  the 
celebrated  bridges  at  Priburg,  Sv/itzerland.   The 
first  and  sraaller  bridge  crossed  the  Saone  Valley 
v/ith  a  span  of  195-|  feet.    The  cables  were 
anchored  into  rock  banlrs.    The  larger  structure 
Pig. 8,  had  a  single  span  of  870  feet  between 
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tov;ers,   The  cables  had  a  versed  sine  of  65  feet, 
and  carried  a  floor  810  feet  long  at  an  elevation 
of  167 -feet  above  the  Saone  Valley.   It  originally 
had  four  iron  wire  cables,  two  on  each  side  of 
the  roadway,  each  cable  containing  1056  wires. 


Pig. 8  Pribvirg  Suspension,  Switzerland 


[Che  platform  was  2  feet  higher  at  the  center  than 
at  the  ends.   Ihe  roadway  was  15  feet  wide  with 
2  feet  3inch  sidewalks  and  v/ooden  floor  beams 
hung  from  the  cables  with  wire  suspenders,  mak- 
ing a  total  width  of  21  feet.    The  piers  were 
of  solid  masonry  20  feet  thick  at  the  road  level 
and  66  feet  above  it,  with  Doric  porticos.   The 
cables  were  securely  anchored  into  the  rock.   It 
vfas  severely  tested  by  a  detachment  of  15  cannon, 
50  horses  and  300  people  passing  over  it,  deflect- 
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ing  under  the  combined  load  about  39  inches.   In 
1880  it  v;as  reinforced  by  adding  one  more  cable 
on  each  side.   Ivlr  Ghaley  also  erected,  according 
to  the  same  method,  the  bridge  "de  la  Carite", 
across  the  River  Laire,  a  suspension  bridge  in 
Paris,  another  at  Percy,  in  the  J\ira  Movmtains, 
and  the  bridges  C ornery,  across  the  Indre,  and  of 
Beai^niont,  across  the  Sarthe,  in  Prance. 

The  first  use  of  the  triangular  bracing 
between  double  chain  cables  was  at  the  erection 
of  the  V.'eser  suspension  bridge  near  Hamelu,  by 
V/endelstadt.   It  v/as  removed  in  1899  to  Hesslch, 
Oldendorf ,  and  the  Seser  Bridge  was  rebuilt  as 
a  cantilever. 

A  very  picturesque  suspension  bridge  is 
that  at  Cubsac,  across  the  River  Dordagne,  in 
Prance.    Ihis  bridge  has  five  continuous  spans 
of  363  feet,  supported  on  cast  iron  towers  82  feet 
high.    Iron  towers  also  were  used  at  the  chain 
bridge  at  Searing,  in  Belgium,  over  the  I.iass,  and 
at  the  chain  bridge  at  LIuehlheim  (1850)  on  the 
Ruhr,  in  Prussia.   Since  the  accident  of  the  wire 
bridge  at  Angers,  in  Prance,  in  the  year  1850, 
and  the  failure  of  the  bridge  at  Bro\ighton,  near 
Kanchester  in  1831  under  a  march  of  sixty  soldiers, 
many  of  the  wire  bridges  in  Paris  have  been  re- 
placed by  truss  and  arch  structiires,  and  a  law 
was  introduced  directing  tests  of  wire  bridges 
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from  time  to  time.   The  failure  of  Sam.  Brovm's 
suspension  bridges  at  Berwick,  Brighton,  Montrose 
and  Durnham  were  a  serious  check  to  building  in 
England. 

Seguin  was  the  first  man  in  Europe  to 
build  a  suspension  bridge  for  railway  purposes, 
and  with  fi.ill  success.   His  bridge  over  the 
Saone  had  tv;o  spans  of  137-|-  feet  each.    There 
were  three  cables  at  each  side  of  the  bridge 
with  a  sag  of  16  2/3  feet.    It  was  stiffened 
with  girders  about  8  l/o  feet  high,  composed 
of  wooden  beams  9  x  2t7  inches,  and  chords  of 
13  X  6^   inches,  connected  vertically  with  the 
longitudinal  beams  of  the  floor.   After  4  years 
of  use,  it  v/as  replaced  by  a  stone  bridge. 

The  older  of  two  chain  bridges  over 
the  Danube  at  Budapest  was  the  v;ork  of  V/.  Tierney 
Clark.    It  had  a  total  waterv/ay  of  1,250  feet 
made  up  of  a  central  span  of  656  feet  and  two 
side  spans  of  290  feet  each.    The  stone  toxvers 
were  very  artistic  in  outline  and  detail,  stand- 
ing at  a  height  of  200  feet  above  the  fomidations. 
There  are  four  flat  eye-bar  chains  with  a  sag  of 
47  feet.    It  was  severely  tested,  when  for  two 
days  the  Hungarian  amiy  retreated  followed  by 
30,000  Austrians,  both  armies  having  cannon, 
heavy  ammunition  and  supply  wagons.   Clark 
died  before  the  bridge  was  completed.   His 
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brother  Adam  took  up  the  work  and  finished  the 
bridge. 

In  1840  Col.  Charles  Sllet  made  an 
offer  to  bridge  tlie  Ohio  River  at  Cincinnati 
T7ith  a  1,400  foot  suspension  bridge,  112  feet 
above  the  water.   ?Ie  nade  a  sinilar  proposal 
in  1S49.    In  1046  John  Roebling  reported  on  a 
proposed  brodge  at  the  site,  with  a  span  of 
1,057  feet  as  finally  built.    Ilhe  first  plan 
had  a  tower  in  the  middle  which  was  objectionable 
and  was  not  accepted.   Erection  was  begvm  in 
1856  but  was  delayed  by  the  panic  of  1857,  and 
the  war  further  delayed  it  until  1863,  after 
which  time  construction  was  continued  -until  its 
completion  in  1867.    This  was  the  longest  sus- 
pension bridge  previous  to  the  one  at  Brooklyn. 
It  had  two  wire  cables  12-|  inches  in  diameter 
with  a  versed  sine  of  90  feet,  numero\is  stay 
cables,  and  stiffening  trusses  10  feet  deep. 
The  bridge  was  strengthened  in  1897-8  by  the 
addition  of  two  new  steel  cables,  ia|-  inches 
in  diameter  and  by  increasing  the  width  of  the 
road  to  30  feet  with  walks  of  9  feet. 
Other  wire  suspension  bridges  prior  to  1842 
were  those  at  Suresne  and  Lorient,  in  Prance, 
Bie  Suresne  bridge  had  a  center  span  of  205  feet, 
sag  ratio  l/lO  with  two  side  spans  of  159  feet 
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each.   It  had  ornamental  stone  tovfers,  and  a 
roadway  22  feet  v^ide  and  500  feet  long.    T!he 
floor  was  suspended  frora  cables  of  thin  flat 
iron  at  35  feet  above  low  water.    These  cables 
are  stiffer  thoi;^gh  not  so  strong  as  wire, 

A  double  chain  bridge  over  the  Moldau, 
at  Prague,  was  built  about  this  time  (1845). 
It  had  center  and  end  spans  of  435  and  109  feet 
respectively,  and  stone  towers.   This  bridge 
was  designed  by  the  Austrian  engineer  Schnirch, 
The  Douro  River  suspension  bridge  at  Oporto,  had 
a  span  of  558  feet.    There  were  eight  cables, 
fo\ir  on  each  side  with  a  sag  of  45  feet,  anchored 
at  one  end  into  the  cliff,  and  into  horizontal 
foundations  at  the  other  end.    The  towers  were 
of  stone,  59  feet  high.    It  v/as  built  \xnder  the 
direction  of  LI.  Stanislaus  Bigot.    The  Gotteron 
bridge  (1840)  had  a  span  of  640  feet  at  a  great 
height  with  ends  at  different  elevations. 

A  vixre   bridge  was  erected  across  the 
Schuylkill  River  at  Pairmount  Park,  Philadelphia, 
in  1842  and  replaced  the  Colossus  which  burned 
in  1839.    The  site  had  been  occupied  from  . 
1809  to  1016  by  two  other  suspension  bridges 
T/hich  collapsed  under  successive' loads.   The 
new  bridge  was  designed  by  Charles  Ellet,  who 
10  years  before  had  proposed  the  span  of  1,000 
feet  at  V/ashington.   Ellet 's  suspension  bridge 
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had  a  span  of  358  feet  supported  by  wire  cables, 
five  at  eacii  side.    It  had  a  clear  width  of 
25  feet  and  remained  in  use  ixntil  1874,  when  it 
was  replaced  by  the  present  double  deck  truss 
bridge. 

The  Hungerford  foo4  bridge  over  the 
Thames  at  Charing  Cross  (1842-45)  was  the  work 
of  Isambard  K.  Brunei.    It  was  the  longest 
chain  suspension,  having  a  central  span  of 
675  feet,  versed  sine  of  50  feet  and  tv/o  side 
spans  of  329  feet.    There  were  four  main  chains 
tow  on  each  side,  composed  of  7  x  1  inch  flat 
linlcs,  24  feet  long,  connected  vrith  4  5/8  inch 
pins.    The  roadway  virs   14  feet  wide  and  the 
wooden  beams  v^ere  suspended  from  the  chains  vrith 
rods  hung  from  small  metal  levers,  the  two  ends 
of  which  T;ere  supported  separately  from  each 
chain,  to  load  the  cables  uniformly.   Each  chain 
was  connected  to  the  saddles  resting  on  iron 
rollers  over  brick  toivers,  allowing  a  movement 
of  18  inches  in  either  direction  fromi  the  center 
line.    The  bridge  was  removed  to  make  room  for 
the  new  Charing  Cross  railroad  bridge  but  vms 
re-erected  at  Clifton,  England  in  1863. 

The  bridge  over  the  Ohio  River,  at 
V.Tieeling  (1846-49)  had  a  central  span  of  1010  feet 
and  was  the  longest  span  of  any  kind  in  existence. 
It  was  the  work  of  Col.  Ellet  and  was  somewhat 


^o  titblr,  i^slo  -g  Serf  il        t'oble  ilone  io  avll 

M  rtsffw  ,iV8X  Il.+m;  obj/  nt  boalasiion  br.B  ioel  32 

3V.js^i  y.o^b  eLdssob  icoeo'i''    '-'■    "^  ^eoslqei  s«h 

-['"iow  o  j   3J3W  (Si^-S^8I)    SBOiO  sniiJsrfO  i5   Bomsrfr 

;:ii«5r:o  lilasK  i;j-ol  9'iew  eisrfT        .^eel   GSo  lo   an^qa 

i.3ll   rfori   I  z  V  lo  fescoq^TOO   406! a  rfoao  rro,:Troi 

^'oni   8\S  •£•  rfJ-Jcw  bed-oonrxou    tSnoI   isel   ^S   ,3?£riJtI 

9  '■•   '-        :^b±w  iQol   ^L   sav/  Y-SWf''^oi  ©fS        .aniq 

Utii  r...  .:.     ;^    jiid^  ttKi'fi.  riebnoqajjs  sio.t  afxescf  rtabooT; 

abno  o\7j-  orfi   ^ciovqI  iBjam  IXfsMs  noil  sm/rl  3.boi 

:f':  -■'■.  vX&J-^'iflqsa  bdi'ioqqwa  siew  .cioMw  lo 

nifliio    io-.      , ^XxmolJtfu/  .•.-.•.„  .^^j  bsoX  o^   ,n"  • 

xxortl  no  gnlcJoo'i  aol  '    "■"    '-^iQerhiOo   -,/ 

.tjieniroi  B  gniwoXXa  ,..-x^..j.j    ...il-^      i^jvo  aiolloi 

•loJ-nao  Old-  inoil  notioo^tlb  tedtls    li   aerfoni  8X  lo 

tol  •-rooi  9:Is;n  qS  bavonrei  saw  esbJtio  erd'        «9nIX 

•   '-r  egblicf  b"--  -   rtccytO  srrliBiiO  vf9/t  s;fo^ 

,  "■"^'   ■■-'■   '  tUoillXO  ia  beJ-ooTO-O'i 

..  ^     ,  .  ■    -v      c':iJ     'I9VO    93l)l«lCf    SifP 


-30- 

similar  to  hlc  proposed  bridge  over  the  Potoniac, 
at  Y/ashington  14  years  before.    The  bridge  v/as 
24  feet  T/ide  and  the  platform  was  suspended  97  feet 
above  low  v/ater.   It  had  six  separate  cables  on 
each  side  of  the  road  containing  6,600  v;ires.  In 
1854  it  rias   damaged  by  a  tornado  vrtien  the  floor 
was  tiirned  over  and  all  the  cables  but  two  were 
broken  in  succession  at  the  anchorages.    It  was 
repaired  by  Roebling,  who  uxiited  the  separate 
strands  into  solid  cables,  and  placed  them  farther 
apart  at  the  towers  than  at  the  center.    It  was 
again  rebuilt  in  1862.    The  failvire  and  repair- 
ing of  this  bridge  brought  the  systems  of  Roebling 
and  Ellet  into  contrast,   I.Ir.  Ellet  used  separate 
strands  side  by  side,  with  iron  bars  fastened 
across  them,  from  which  the  suspenders  hung,  xThile 
Roebling  used  v/ire  cables  in  cylindrical  form, 
enclosed  and  v/rapped  with  light  v.'ire  to  protect 
them  from  the  weather. 

In  1844  the  Hon.  '»7illiam.  Hamilton 
Ilerrit,  of  St,  Catherines,  Ontario,  suggested  the 
plan  of  spanning  the  Niagara  Gorge  witli  a  suspen- 
sion bridge,  and  in  1846  throiogh  his  efforts, 
charters  were  obtained  from  the  State  of  New  York 
and  the  Canadian  Government  for  the  construction 
of  the  first  bridge  across  the  gorge.    In  1847 
the  bridge  companies  made  a  contract  with  Charles 
Ellet  to  construct  a  bridge  on  the  site  occupied 
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by  the  present  bridge.   LIr.  Ellet  first  threw 
across  the  gorge  a  cable  of  tHiirty-six  No.  9 
wires,  on  which  a  light  iron  carriage  was  riin 
for  about  a  year,  and  used  for  the  purpose  of 
subsequent  work  and  for  passenger  service. 
Prom  this  he  developed  the  earliest  bridge, 
7i  feet  wide,  -at  a  cost  of  |35,000,  which  was 
strengthened  the  same  year  to  carry  material 
and  supplies  for  the  larger  bridge,  which  was 
to  be  built.   A  kite  v/as  used  to  take  the 
first  cord  across  the  gorge.   This  in  turn 
drawing  over  a  larger  one  v;hich  pulled  over  a 
rope,  to  v;hich  the  first  wire  cable  was  attached. 
Mr.  Ellet 's  connection  with  the  v/ork  ceased  on 
the  completion  of  this  bridge,  and  he  had  no 
hand  in  planning  the  railway  bridge  as  finally 
built.   On  completion  of  the  heavier  bridge, 
Ellet 's  light  foot  bridge  was  removed.    In 
Larch,  1848,  L.r.  Ellet  erected  a  basket  ferry 
over  the  Niagara  tvfo  miles  below  the  falls. 
A  toll  of  $1.00  per  passenger  7/as  charged. 
The  car  basket  was  made  of  light  iron  work 
with  seats  on  each  side,  and  was  large  enovigh 
to  accomodate  four  passengers.    It  was  hiuig 
by  a  trolley  from  a  single  wire  cable,  and  was 
drawn  back  and  forth  between  opposite  banks. 


>«      '    i-lO         o    J'l 


Q   .Oil  xla- jiiiJIJ-  lo  aXrfjso  a  03105  erfJ-   aaoio« 

nx/i  aiiw  esaiiiBO  noil  JrlslX  a  rfolrCw  no   ,a9ilw 

lo  0  3oqiJjq  edi  10I  boejj  bna  ^lae'j  r  isjoda  10I 

.solT^ns  isanaaaaq  «xcl  fxrcB  2I10W  .tnoi/poadua 

,a;_;^i^  " ':£ij3e  9rli  Jbaqoleveb  a/i  alilt  mo'tz 

r?nTT  rioi:  .   ,      ^t25$  to  c^3oo  fl  ;fs'  ,ebi:w  J-oal  ^V 

iBJ^ie^Bxn  -^irt.'so  o.t  iboy  o.Tiaa  srf^  fiensrWjyi^i^- 

-•'.'        ■  -  .-   ^Q^bl^a  1931-31   eri.y    -'■:    -:9l.Cqqx/8  bnn 

■J...    o.;  >J   oJ  6931;  aj3W  8J1:I  .Jllwcf  sd  oct 

nitJ-J-  :il   airn        ,93103  arid-   aaoios  fiioo  iatll 

•    :ovo  bQlLjjq   rfoirfw  ono  1931  cX  b  iovo  snlwairx; 

..■- ;„fl  aBW  9Xcf-30  9ilvr  J-cill  grid-  riolxiv;  od   »oqoi 

.10  f)08;390  :Iiow  axii  xiJiw  nold-osnnoo   a'J-eXXH   .1.' 

on  bed.  erl  bas   ,©3l>licf  alrlj-  lo  ciolialqmoo  odj 

YXXiSiiil   3s  ss^Jticf  ■^avltni  edt  gnlnnaXq  nl  baml 

»o"blicr  lalvijerl  orld-  lo  noiiolqnoo  nO        ,dXI;/cr 

nl        .£)9VOirtei  eijv;  s^jblicf  dool  drtaJiX   a'ogXX^i 

^^iiel  d-o:l8X5d  b  beiaote  ielL'd   ,i;i  ^S^X  ,fIoia.I 

.aXXfll  erfJ-  woXscf  aeXlra  ovii  O'la^Bl',!  adi  i9Vo 

.'  '  "ii^rio   ;^J5w  i33n9  3ssq  isq  00. XC   lo  XXod  A 

....  ;  aoil   JriaXX  lo  sjjam  a^sw  d'9:ila-'3cf  ico  ©rfT 

:  .''.   -:3W  bna  ,obXa  ilose  no   aJ-aea  xUlw 

.  "iiasnoar-..'^-:  ir/ol  ad-flJborrtooc"    ^ 

■    ^o^...-J    rucv;  sXsnia  /;  moH  x'^XXoid  a   \-S 

■  ■     -   -;qo  aoswdad  adiol  baa    ^  ■  -      -r;  ^r'? 


-52- 

Two  important  bridges  at  Pittsbuirg 
(1844-47)  were  the  ViTork  of  John  A  Roebling,  one 
of  then  being  a  suspension  aqueduct  over  the 
Allegheny  River,  and  the  other  a  highv/ay  bridge 
across  the  Monongahela  River.   Kie  former  had 
seven  spans  of  162  feet  with  tv/o  7  inch  wire 
cables  supporting  a  wooden  fliMie.   The  project 
met  with  opposition  but  T;as  completed  in  1845 
and  remained  in  use  until  the  canal  was  aban- 
doned  in  1861,  when  the  bridge  was  removed. 
Roebling  was  the  first  to  use  suspension 
aqueducts  and  previous  to  1848  he  built  four 
others  with  openings  of  115  to  170  feet.   Ihe 
other  bridge  at  Pittsb\arg  v/as  the  Smithfield 
Street  Bridge,  vfhich  connected  Central  Pitts- 
burg v/ith  South  Pittsbvirg.    It  was  built  on 
the  abutments  and  piers  of  an  old  wooden  bridge  , 
the  superstructure  of  v/hich  had  burnt  down  in 
1845.    The  cast  iron  tov/ers  had  the  appearance 
of  square  truncated  pyrairiids,  7-g-  feet  square  at 
the  base  and  4  feet  at  the  top,  and  were  16  feet 
high.    The  roadway  was  20  feet  wide,  having  tvro 
lines  of  car  tracks.    The  sidewalks  were  on  the 
outside  of  the  cables,  and  Virere  5  feet  wide.  A 
wooden  continuous  Eowe  truss  5  feet  high  served 
as  a  hand  rail  as  well  as  a  stiffening  truss. 
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The  cables  were  4-|  inches  in  diameter,  each  con- 
taining 750  wires  of  NO.  10  Einningham  gauge 
wrapped  with  llo.  14  annealed  wire.   It  was  com- 
pleted in  1847  and  was  in  service  for  35  years, 
carrying  the  heaviest  traffic.   At  that  time 
the  bridge  had  become  very  shalry  and  loose;   its 
continuous  swaying  and  creaking  had  created 
anxiety  in  the  public  mind,  and  soon  after  it 
was  removed.   A  nev;  bridge  was  decided  upon  in 
the  summer  of  1880,  and  a  contract  ivas  entered 
into  to  erect  one  having  two  channel  spans  of 
180  feet  each.   A  change  of  management  in  the 
bridge  company  caused  the  contract  to  be  nulli- 
fied, and  another  plan  was  accepted,  which  provid- 
ed for  a  widening  of  the  bridge  by  adding  another 
roadway  or  track  should  this  ever  become  necessary. 

About  1848  a  suspension  bridge  was 
erected  at  Roche-Bernard,  France,  over  the  Velaine 
with  a  span  of  650  feet.    The   platform  was 
suspended  from  fouj?  wire  cables  at  an  elevation 
of  110  feet  above  water.    The  cables  had  a 
sag  of  50  feet.    In  October  1852  the  bridge 
was  wrecked  by  a  gale  and  in  its  restoration 
counter  cables  Y/ere  added.    Ihe  ends  of  the 
cables  were  not  loaded  and  had  the  same  angle 
of  inclination  on  each  side  of  the  towers.   It 
was  similar  to  the  bridge  at  Lor lent. 
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In  1850  construction  was  started  on  a 
suspension  bridge  over  the  Niagara  gorge  at 
Lewlston,  tvfo  miles  below  the  falls.   At  the 
time  of  its  construction,  it  had  the  distinction 
of  having  the  longest  clear  span  of  any  bridge 
in  the  xvorld.    It  xvas  built-  under  the  direction 
of  Captain  Edward  Y/.  Serrel,  and  had  a  span  of 
1,042  feet  with  a  platform.  21  feet  wide.   Ihe 
versed  sine  of  the  cables  was  87  feet.   On  Feb.  1, 
1864,  the  floor  of  the  structujf^e  was  blown  out 


Fig. 9  Suspension  Bridge  over  ITiagara  River  at 
Lewiston  II. Y.  ,  and  Queenston,  Ont.,  1899 

by  a  hurricane  after  the  guy  cables  had  been  tem- 
porarily removed.    It  ?ms  not  repaired  or  re- 
built until  1899,  when  a  nev;  one  to  carry  a  high- 
way and  one  line  of  electric  cars  was  erected 
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under  the  direction  of  I,!r.  L.  L.  Buck.   T!lie  new 
bridge,  (Pig. 9),  has  a  span  from  tower  to  tovfer 
of  1,040  feet.   Ihere  are  fovir  cables  each  com- 
posed of  fouo'teen  2^   inch  galvanized  cast  steel 
xvire  ropes  which  pass  over  stone  towers  and 
support  a  roadv/ay  25  feet  v;ide.    The  anchorages 
are  drilled  into  Holid  rock» 

Other  interesting  suspension  bridges 
in  Canada  were  those  at  St.  John,  New  ErunsTvick, 
and  at  Montmorency  Palls,  Quebec.    The  bridge 
over  the  Reversible  Falls  at  St.  John,  was  de- 
signed by  Serrell  and  had  a  span  of  628  feet. 
Ilie  roadway  was  20  feet  9  inches  wide,  suspended 
from  ten  cables,  five  on  each  side,  hanging  side 
by  side  and  parallel.   Each  cable  was  composed 
of  290  straight,  parallel  No. 9  wires,  forraing 
strands  2f  inches  in  diameter.   After  being 
wrapped  with  close  No.  12  v^rire,  the  strands  were 
3  inches  in  diameter.   The  towers  v^ere  52  feet 
high  above  the  floor  and  measured  15  feet  square 
at  the  base  and  5  feet  8  inches  at  the  top. 
It  v;as  rebuilt  in  1857,  and  after  years  of  service 
the  bridge  was  taken  down  in  the  fall  of  1915. 
It  is  one  of  the  raonviments  of  early  bridge  con- 
struction in  America.    The  Montmorency  Palls 
Bridge  was  located  just  below  the  falls  adjoining 
the  residence  of  the  Dvike  of  Kent.    It  collapsed 
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some  years  ago  carrying  a  wagon  and  its  driver 
into  the  cataract  250  feet  belov/.   Only  the 
stone  towers  novi   reniain  to  mark  the  site  of  this 
early  bridge. 

One  of  the  first  to  propose  open  web, 
deep  stiffening  trusses  braced  together  trans- 
versely for  suspension  bridges,  v;as  John  C. 
Trautv/ine,  who  in  1851  designed  a  bridge  to  cross 
the  Delav/are  River  at  Market  Street,  Philadelphia, 
llie  design  called  for  four  river  spans  of  1,000 
feet  each  and  two  end  spans  of  5oo  feet  each,  wire 
cables,  and  trusses  20  feet  deep.    18  months 
later,  John  A.  Roebling  suggested  a  similar 
arrangement  for  a  railroad  bridge  over  the 
Niagara  River.   Lattice  stiffening  trusses  6  feet 
deep  also  were  used  on  a  railroad  suspension 
bridge  over  the  Kentucky  River  at  Pranlcfort, 
Kentucky,  which  existed  in  1852.    It  had  spans 
of  100,  261  and  200  feet,  no  stays,  and  the 
floor  v;as  supported  with  rods  3  feet  apart.  The 
Niagara  suspension  bridge,  completed  in  1855  by 
Roebling,  marks  an  epoch  in  the  history  of  this 
system,  it  being  the  first  suspension  structure 
biiilt  for  heavy  railroad  traffic.    Ihe  span 
between  towers  was  821  feet  and  tlie  width  15  feet. 
Biere  were  four   cables ,  each  10^  inches  in 
diameter  made  of  seven  twisted  strands  of  wire. 
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It  had  two  decks,  the  upper  deck  was  for  railroad 
and  the  lower  deck  for  highway  traffic.    The 
upper  deck  was  separated  from  the  road  below  by 
flooring.    Ihe  10-|-  inch  cables  contained  520  wires 
each  or  a  total  of  3,640  wires.    lUne   v/ires  of 
Ivlr.  Ellet's  old  foot  bridge  were  incorporated 
with  the  others.    This  bridge  was  successfully 


Fig. 10  Roebling's  Suspension  Bridge  over 
Niagara  Palls,  N.Y. ,  1868 


used  for  42  years.   As  first  erected,  the  bridge. 
Fig. 10,  had  wooden  trusses  and  towers  of  stone. 
It  was  completed  in  1868  and  in  1880  the  wooden 
trusses  were  taken  out  and  replaced  by  iron  ones. 
The  stone  towers  v;ere  changed  to  towers  of  steel 
in  1887  and  the  bridge  Vfas  finally  completed  on 
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Jan.  12,  1888.    Just  a  year  later  a  violent  v^ind 
storm  broke  one  of  the  principal  storm  stays  and 
the  entire  suspended  structure  v;as  carried  av;ay 
and  fell  on  the  banlcs  ind  into  the  river.   It 
vfas  rebuilt,  and  on  i:ay  7,  1899  again  opened  to 
traffic.   In  1897  the  bridge  was  taken  down, 
giving  way  to  the  steel  arch  erected  by 
L.  L.  Buck.    The  history  of  railroad  suspension 
bridges  had  not  been  satisfactory,  for  all  have 
lacked  stiffness  and  rigidity,  and  those  at 
Niagara,  Frankfort,  Vienna  and  Diirham  over  the 
Tees,  have  been  removed. 

The  bridge  over  the  Elk  River  at 
Lovell  Street,  Charleston,  West  Virginia,  dates 
from  1851-52,  and  was  designed  by  Y/,  0.  Buchanan. 
The  distance  between  tower  centers  was  478  feet 
and  the  floor,  17  feet  T/lde,  v;as  on  a  grade,  be- 
ing 7  feet  higher  at  one  end  than  at  the  other. 
The  towers  were  50  feet  high  above  the  floor  and 
supported  tv/o  3-^  inch  wire  cables  on  each  side. 
It  was  tvfice  disabled  by  retreating  armies  during 
the  Civil  7jar  and  the  last  time  v/as  completely 
wrecked.    The  bridge  v^as  privately  owned  until 
1886,  but  soon  after  being  trans fered  to  the  city 
it  was  reported  as  unsafe  and  failed  under  a 
load  of  4  inches  of  ice  and  snow,  killing  two 
people  and  seven  horses,  and  seriously  injuring 
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several  other  persons.   Two  similar  suspension 
bridges  at  Morgantown,  V/est  Virginia  (1855), 
and  over  the  Gauley  River  at  Paimont,  West 
Virginia,  were  used  diiring  the  Civil  '.Var.   The 
Morgantown  Bridge  had  a  span  of  608  feet  supported 
by  tv/o  cables  on  each  side  of  the  roadway  made 
of  parallel  wii-'es  bound  at  intervals  only.   One 
cable  broke  about  25  years  ago  under  a  heavy 
load  of  snow,  but  fortiinately  the  other  cables 
held  until  repairs  could  be  made,  so  that  the 
failure  was  not  complete. 

About  1854,  Ihomas  Page  designed  and 
built  the  Victoria  suspension  bridge  at  Chelsea, 
T/hich  forms  a  connection  between  Pimlico,  Bel- 
gravia,  and  Chelsea  on  one  side  of  the  river,  and 
Battersea  Park  and  the  surrounding  country  on  the 
other.   The  length  of  the  Chelsea  bridge  is 
704  feet  face  to  face  of  abutments,  consisting 
of  a  center  opening  of  353  feet  with  tv/o  side 
openings  of  166  feet  6  inches  each.    The  road- 
way had  a  width  of  47  feet,  is  cambered  18  inches, 
and  is  24  feet  6  inches  above  high  water.    The 
tov/ers  which  support  the  chains  are  cast  iron 
colTMinar  framing,  strongly  braced  and  57  feet 
high  above  high  water.    There  are  four  flat 
eye-bar  chains,  tivo  on  either  side,  at  a  distance 
apart  of  32  feet,  and  consisting  of  linl:s  of 
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seven  and  eight  bars  alternately.   It  is  stiffened 
with  lattice  girders  6  feet  deep. 

In  January  of  1855  the  first  suspension 
bridge  (Pig, 11)  to  span  the  Mississippi  River 
vras  opened  to  traffic  at  Minneapolis ,  connecting 
the  west  banlc  of  the  river  with  Nicollet  Island. 
It  had  a  span  of  620  feet  and  was  built  iinder 
the  direction  of  Thomas  I,'.  Griffith.    There  were 


Pig, 11  Suspension  Bridge  over  the  Mississippi 
River  at  Minneapolis,  1855 

foiir  cables  containing  2000  strands  of  ITo.  10 
wire  supported  on  wooden  towers  composed  of  16 
wooden  posts  of  12  x  12  inch  white  pine  timber 
with  a  base  14  feet  square.    The  cables  were 
cradled  and  had  a  sag  of  47  feet.    After  20 
years  of  service  it  was  found  to  be  insufficient 
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for  increased  traffic  and  in  1876  was  replaced 
by  a  nev;  and  heavier  one  of  675  foot  span.  The 
nev»  bridge  had  tv/o  main  cables  10  inches  in  dia- 
meter containing  3,648  strands  of  No, 9  wire,  and 
two  side  walks  cables  4  inches  in  diameter  con- 
taining 450  strands  of  the  same  size  wire.   The 
cables  had  a  sag  of  58  feet  and  v;ere  cradled 
6  feet.   It  had  two  lines  of  v/ooden  Howe  stiffen- 
ing trusses,  7  feet  deep,  at  each  side  of  the 
roadway  and  two  outer  ones,  6  feet  deep.   Pour 
stay  cables  were  used  in  each  quarter.    The 
masonry  towers  were  111  feet  high  and  35  feet 
apart  on  centers.    In  1888  a  new  steel  arch  ?;as 
erected  beside  the  suspension  bridge  and  in  1890, 
T/hen  the  arch  was  completed,  the  suspension 
bridge  vras  removed  at  a  cost  of  $3000. 

A  suspension  bridge  built  in  1855  at 
Grand  Falls  crossed  the  St.  John  River  in  llev/ 
Brunswick  about  210  miles  above  the  Reversible 
Palls  Bridge.   The  span  betvi-een  towers  was 
209  feet  9  Inches .    The  roadv/ay  was  15  feet  in 
clear  v/idth  and  supported  by  t'To  straight-wire 
wire  v/rapped  cables  of  5-|  inches  finished 
diameter  resting  on  stone  toviers  21  feet  4-^  inches 
high  above  the  floor  and  anchored  125  feet  back. 
The  cables  vrere  cradled  slightly.   It  was  removed 
in  1915, 


o90flIqoi  3Bv;  3V8X  ionl  lol 

orfr   ^rwqa  Jool  3V3  lo  ono  ^leivserf  brw  won  a  ^^ 

-.eJ:i>  nl   aeriorrl  01  eelcfao  a2«ii  o-..\t  bari  ai^bJticf  wer: 

-noo  '^o+o.-rtsib  ni:   aarfonl  ^  aeXdao   ar^lBW   . 

•  sis  aniaa  srtf  "io   s.^b-.-j-:^-:  0?^  ri^-t." ' -^ '■ 
j'lo  aiaw  bxiB  d'osl  •  ^ 

-nellld-3  swo.'i  /loboow  lo  aonlj;   o-'i  li/^rf  j-j        ,.+so!t  5 
9di  1o  oblz   aose  J-jb   ^  ;..,.,    ,  ... 

arfr        »i  ioae  nl  f>eax;  ei&vs 

iQol  35  £>nB  rtalii  ieal  LIL  s'istt  oiewod'    ,~ -.Tn-i;; 
BBW  doiB  lesJ-B  wen  .q  8881  nl        .  aioi^neo 
,OGGI  nl  bnQ  e^biicS  nolasiequise  edi  oblp.o:'  f.-oioo'^'z 
.  icieqojjs  edt   ,£)9d-slqinoo   :;  .'U  ao    . 

♦  OOO'i^  lo  iaoo  B  xtn  ftevcrro^i  a.n-j  anbl'i-!' 
j-o  3S8I    .1   .j-Iiiwcr  esi)licf  nolanoq-. 
woT*.  al  lOYxfi  nrfoL    ,J-2  eric^  £)S3SO-fo    :.X.C  ■"    O.:."'/!'^ 

.;.:  :  aiev.'oj-  :-0l  .         ' 

OX    r>,j3r 

i)8  ^ii;.  I'i;    .^or'onl  j^5  '.. 
aeiionl  ^i-  Joel  IS  a^9v;od^  anoj-a  r 

Jjsv  .-XJ.'::! 


-43- 
The  Clifton  Bridge  (Pig. 12)  over  the 
Avon  at  Bristol,  England,  is  of  interest  because 
of  its  engineering  features  and  pituresque  loca- 
tion.  Construction  was  begun  and  the  toners 
built  in  1829-30,  but  stopped  and  not  res\:imed 
until  1840  v;hen  Brujiel  took  up  the  v;ork.   It  was 


Pig. 12  Clifton  Bridge  over  the  Avon  at 
Bristol,  England 

not  continued,  however,  until  the  old  H\ingerford 
Bridge  at  Charing  Cross,  London,  was  removed  and 
parts  transported  to  Bristol  to  be  used  in  the 
erection  of  the  Clifton  Bridge.   It  v;as  completed 
in  1864  by  Messrs,  Barlow  and  HaiTlcshaw  at  a  cost 
of  $500,000,   The  bridge  was  carried  by  six  chains, 
three  on  each  side.   Ihe  chains  were  composed 
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In  1857  Roebling  started  construction 
on  a  suspension  bridge  to  carry  the  Cincinnati 
Southern  Railroad  over  the  Kentuo>-;,r  River  at 
an  elevation  of  275  feet  above  the  water  on  the 
site  of  the  prestnt  three  span  cantilever 
structure.   The  span  of  the  cables  was  1,230  feet, 
but  after  the  towers  were  corapleted,  building 
was  discontinued  owing  to  the  fail\xre  of  the 
company.   Short l^i-  after  Roebling  built  another 
suspension  bridge  over  the  Allegheny  River  at 
Pittsburg  ¥/hich  replaced  an  old  v;ooden  one  of 
1818.    [Cliere  were  t^To  river  and  t".7o  shore  spans 
of  344  feet  and  171  feet  respectively.    The  deck, 
40  feet  wide  including  t-Jo  10  foot  walks,  was 
supported  by  four  cables,  tv/o  7  inches  and  two 
4  inches  in  diameter.    The  sag  of  the  cables 
was  30  feet.   It  had  cast  iron  tcvers  45  feet 
high. 

In  strong  contrast  with  the  Chelsea 
bridge  is  the  three  span  bridge  at  Lambeth.   It 
has  a  total  width  of  32  feet  and  stands  on 
cylindrical  piers.   The  cables  are  fixed  at  the 
top,  causing  a  pull  on  them  from  uneven  loading 
of  adjoining  spans.   I.Ir  .  Barlow  proposed  to 
prevent  deflection  of  the  loaded  spans  by  fixing 
the  chains  rigidly  to  the  towers  and  designing 
them  as  cantilevers  to  resist  the  tension  from 
the  chains. 
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of  flat  eye-bp.rs  and  supported  a  platforra.  31  feet 
wide,  252  feet  above  higli  v;ater.   It  had  a  span 
of  702  feet  center  to  center  of  towers,  and  ;vas 
the  longest  span  ?/ith  flat  eye-bars  in  Europe. 

li/hlle  the  Clifton  Bridge  v/as  under 
construction,  two  fine  suspension  bridges  appear- 
ed in  Vienna  over  the  Danube  (1860-64),   The  first 
one  (1860)  was  the  rebuilding  of  the  old  railroad 
suspension  of  1828  which  had  been  in  service  for 
32  years.    The  new  bridge  had  a  clear  span  of 
255  feet  and  the  cables  were  double  lines  of 
braced  chains  4  feet  apart.   It  continued  in  use 
for  25  years  when  it  was  replaced  by  the  present 
arch.    The  second  structure  was  the  Sspen  Bridge 
over  the  same  river  a.t  Vienna.    It  had  a  clear 
span  of  200  feet  and  braced  chains  similar  to  the 
former . 

Shortly  after  Roebling  had  completed 
his  1057  foot  span  across  the  Ohio  River  at 
Cincinnati,  he  made  a  report  on  bridging  the 
North  (hudson)  River  at  Hew  York,  and  declared 
that  an  iron  suspension  of  3000  feet  would  be 
practicable.   A  year  later  he  prepared  elaborate 
designs  which  were  a  combination  of  arch  and 
suspension,  with  stiffening  trusses  and  stay 
cables  for  a  proposed  three  span  bridge  over  the 
Mississippi  River  at  St.  Louis,  and  published  a 
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book  explaining  and  illustrating  his  design. 
Llr.  Eads '  famous  arch  bridge  was  accepted  instead. 
In  18S7  Samuel  Keefer,  civil  engineer  of  Ottowa 
began  construction  on  the  Niagara-Cliftozi  sus- 
pension bridge  located  a  short  distance  below 
the  falls.    It  had  a  span  of  1260  feet  between 
centers  of  wooden  tovvers.   The  iron  wire  cables 
were  imported  from  England,  and  supported  a  floor 
190  feet  above  water.   Cradling  of  the  cables 
TTas  used,  the  cables  being  42  feet  apart  at  the 
towers  and  only  12  feet  apart  at  the  middle  of 
the  bridge.    It  was  stiffened  with  trusses  6^   feet 
deep  and  twelve  wire  stays  from  each  to?rer  to 
the  floor.   Side  guys  anchoring  the  bridge  to 
the  shore  were  also  used.   It  was  widened  in 
1888  to  17  feet  and  on  January  5,  1889,  was  blown 
down,  but  was  replaced  in  fo\ir  months  by  a  new 
structure  witli  steel  wire  cables,  steel  towers 
and  stiffening  trusses.   On  May  7,  1889  it  was 
reopened  to  travel.   Ten  years  later  the  whole 
bridge  was  replaced  v;ith  an  840  foot  steel  arch. 
About  a  year  after  the  Niagara-Clifton 
bridge  was  begun,  Rowla.nd  M.  Ordish  developed  a 
nev;  foiTn  of  suspension  bridge  which  was  partly  a 
modification  of  that  devised  by  James  Dredge  in 
1832,   He  used  sloping  rods  running  directly 
from  the  panel  points  of  the  floor  system  to  the 


-cfod  io©l  082X  lo        '  '■■--'  iZ        ,-'' 

■■    ■"-■■: .?:  orH        .  uoow  1 

OS  S    -'^ -^-j.   ■::-ij     J   -J      ^i'- 

oi  isifoJ  ilojae  iitoil  aYflJ-s  o^":  -  -     -^  ftni:  ^_' 
'    '    '  lid  eri^   ^    ''oitB  a\-.>.  ...ooll  er'^- 

.  .loaoblTK  •  t^eax;  c;  oiorfs  or:j- 

n-oXd   3.0Tr   ,G8GI    ^o    „•     '■  ro'",   ::-   ..  r.  ^    ..         . 


.IVO^    0.-: 


-46- 
top  of  the  towers,  the  direct  tension  members 
being  supported  and  held  in  position  by  catenary 
cables  bet'veen  the  tovrers,    lliey  had  no  purpose 
other  than  to  sustain  the  v/eight  of  the  direct 
tension  bars.   He  built  several  bridges  after 
1868  at  Prague,  London  and  Singapore.    The 
Pranz  Joseph  Bridge  over  the  Lioldau  at  Prague 
had  a  center  span  of  480  feet  and  two  side  spans 
of  156  feet.   It  had  twelve  main  and  two  auxilliary 
chains  with  a  sag  of  60  feet  supporting  a  plat- 
form 32  feet  v/ide.   In  1898  the  straight  bars 
were  replaced  by  wire  ropes  when  the  bridge  was 
othervjise  strengthened.   The  Albert  Bridge  over 
the  Ihames,  designed  by  Ordish,  had  a  center  span 
of  400  feet  and  two  side  spans  of  155  feet. 
Construction  was  begun  in  1853  and  finished  in 
1873.   Another  bridge  according  to  the  Ordish 
plan  T/as  built  at  Singapore  by  LIr.  Ordish  and 
Col.  G.  Collyer.   It  has  a  span  of  200  feet,  a 
roadway  21  feet  v^ide  and  two  side  v^-alks  with 
wooden  floor.    The  platform  had  a  total  width 
of  31  feet.    In  1869  Ordish  erected  a  foot 
bridge  over  the  Lioldau  at  Prague  betv;een  the  old 
stone  bridge  and  the  nev7  suspension  bridge.  He 
used  only  one  tower  in  the  middle  of  the  river, 
believing  that  it  v;ould  offer  less  obstruction 
than  tno  piers,  as  ordinarily  used.    The  bridge 
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has  a  clear  distance  betvfeen  shore  abutraents  of 
629  feet  and  a  clear  width  of  11  feet.   Chains 
niade  of  steel  links  4-^x1  inch,  21  feet  long 
with  heads  and  3^  inch  pins  support  the  floor. 
Two  nev;  suspension  bridges  in  Europe 
about  this  time  were  those  at  Frankfort  over  the 
Main  and  the  Angarten  Bridge  at  Vienna.    The 
Frankfort  Bridge  (Fig.  13)  crossed  the  I,:ain  between 


Fig.  13  Franlcfort  Bridge  over  the  Main, 
Germany, 


Frankfort  and  Sachenhausen  and  was  designed  by 
Schnirch  in  1369.   It  had  stiff  riveted  members 
having  part  cantilever  action.    The  Angarten 
Bridge  at  Vienna  had  a  span  of  202  feet.    It 
was  built  on  the  Fives -Lille  system  and  is  an 
interesting  work  and  h3.ghly  ornamental. 
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BetTfeen  the  years  1870-71  two  new 
suspension  bridges  ivere  erected  In  the  United 
States,  each  with  a  span  of  470  feet.    The 
first  was  across  the  Erozos  River  at  'j'aco, 
Texas,    The  bridge  was  designed  by  Thomas 
Griffith,  engineer  of  the  first  bridge  across 
the  Liississippi,   Bae  second  bridge  crossed 
the  Allegheny  in  Warren  County,  Pennsylvania, 


Pig, 14   Point  Bridge  over  Monongahela  River, 
Pittsburg,  Pennsylvania 

In  1876  construction  was  begvm  on  a 
very  interesting  bridge  in  America,   It  is  of 
the  type  conmonly  known  as  the  stiffened  suspen- 
sion bridge,  but  in  reality  it  is  an  inverted 
arch.    The  bridge,  Irnown  as  the  Point  Bridge,  Fig. 14 
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is  located  at  Pittsbiirg,  and  was  designed  by 
Edvrard  Hemberle.   It  has  a  center  span  of 
800  feet  and  two  side  spans  of  145  feet  each., 
making  a  total  length  of  1250  feet.   The  road- 
way is  20  feet  wide  and  walks  7  feet  v/ide,  and 
is  suspended  at  a  clear  heigjit  of  80  feet  above 
water.   Ihe  river  piers  are  of  stone  and  the 
towers  of  iron,  110  feet  high.    The  8  inch 
eye-bar  chains  have  stiffening  trusses  above  the 
chains  in  the  form  of  segmental  chords.   It  is 
the  longest  span  with  flat  eye-bars  in  America, 
and  was  repaired  in  1906  at  a  cost  of  092,000. 
Another  suspension  over  the  Allegheny  at  Oil  City 
was  built  the  same  year  and  had  a  span  of  500  feet 
supported  by  two  cables.   It  was  rebuilt  in  1884 
and  again  in  1905. 

A  very  unusual  failure  of  a  bridge  at 
Franklin,  Pennsylvania,  was  caused  by  fire  in  an 
adjoining  building.    The  lead  which  secured  the 
cables  into  their  sockets  was  melted,  v^hich 
allowed  them  to  pull  out  and  to  precipitate  the 
bridge  into  the  river.    The  Mill  Street  suspen- 
sion bridge  at  watertow,  Hev/  York,  had  a  span  of 
175  feet  and  a  platform  18  feet  v;ide.   The  plat- 
form was  supported  by  vertical  rods  hung  from 
four  main  cables.   Each  cable  was  made  of  tv;isted 
iron  wire  rope  2  inches  in  diameter  and  had  a  sag 
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of  12-g-  feet.   Stiffening  trusses  were  not  used 
in  this  bridge.    It  was  replaced  in  1898  by  a 
steel  arch, 

A  bridge  of  very  interesting  and  un- 
iisual  IPeatures  carries  a  high  road  across  the 
River  Allier  at  St.  Ilpize,  in  Prance.    It  has 
a  central  opening  of  223  2/3  feet  betv;een  cast 
iron  columns  having  supports  for  the  cables. 
1316  t^^o  side  spans  are  49-|-  feet  betv/een  columns 
and  abutments.    Qlie  bridge  is  suspended  85  1/3 
feet  above  lov;  witer  level  of  the  Allier  at  the 
center.   Ihe  cables  are  of  twisted  iron  wire 
constructed  of  tliree  elementary  cables  contain- 
ing seven  strands  formed  of  nineteen  No.  18  wires 
each.    These  three  cables  are  fastened  into  a 
single  triangular  bvindle. 

A  suspension  foot  bridge  at  Iverness 
over  the  River  Ness  has  a  center  and  end  spans 
of  173  and  50  feet  respectively,  supported  on 
steel  top/ers  founded  on  cast  iron  piers  filled 
with  concrete.    The  roadway  is  6  feet  v;ide  and 
is  suspended  from  two  wire  rope  cables,  6  inches 
in  circumference,  by  means  of  5/8  inch  rods. 
Steel  latticed  stiffening  trusses,  4  feet  3  inches 
deep,  were  used. 

The  Teesta  Bridge,  built  in  1879,  is 
situated  on  a  road  between  Darjeeling  and  the 
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ThiTDet  frontier.   It  has  a  span  of  300  feet  v/ith 
a  roadway  6  feet  wide.   The  roadway  is  suspended 
fron  cables  of  soft  steel  wire,  2  inches  in  dia- 
meter.  Each  cable  has  foxir  strands  of  wire. 
Ihe  cables  are  placed  side  by  side  and  bound  to- 
gether by  cast  iron  saddles  fixed  5  feet  apart. 
The  versed  sine  of  the  cmrve  is  24  feet  and  the 
distance  between  cables  at  the  center  of  the 
bridge  is  8  feet. 

The  Ijamothe  Bridge,  similar  to  the 
Ilpize  Bridge  of  1879,  crossed  the  Allier  near 
the  town  of  Brionde.    It  had  a  single  span  of 
377  feet  between  abutments.    The  roadway  was 
18  feet  above  low  water,  had  a  v;idth  of  18  feet 
and  cambered  2  feet  2  inches.    Hie  carriage  was 
1Z>^   feet  wide  and  the  foot  walks,  one  on  each 
side,  were  2-f  feet  wide.   Ilie  cables  T/ere  con- 
structed of  twisted  iron  wire,  consisting  of 
seven  strands  of  nineteen  No.  21  vfires  each. 
There  were  five  suspension  cables  on  each  side 
of  the  bridge  hanging  side  by  side,  and  twelve 
anchor  cables.    The  roadway  was  hung  from  the 
cables  by  strands  of  52  llo.  18  wires,   A  similar 
bridge  was  built  in  1888  to  cross  the  Saone  at 
Lyons  with  a  total  length  of  397  feet. 
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In  1884  the  Seventh  Street  Bridge  over 
the  Alleglieny  River,  at  Pittsburg,  was  erected 
from  designs  by  GustEV  Lindenthal,   It  had  three 
towers  with  two  river  spans  of  330  feet  and  tv/o 
shore  spans  of  165  feet  each  with  a  90  foot  truss 
over  the  railroad  tracks.   Hie  suspension  chords 
were  conposed  of  two  lines  of  eye-bars  with  diagon- 
als between  them*   Its  width  is  42  feet  and  the 
total  length  is  1,080  feet,  both  chains  being  in 
tension  from  uniform  loads.    In  the  same  year 
a  light  suspension  bridge  v/as  built  over  the 
Elk  River  at  Charleston,  West  Virginia,  with  a 
span  of  273  feet,  adjoining  the  one  which 
collapsed  in  1904.    It  had  twisted  wire  cables, 
back  stays,  lattice  trusses  and  iron  towers  on 
high  stone  piers.   A  few  years  later  after  it 
was  completed,  one  anchor  block  moved  slightly 
forward,  allowing  the  tower  to  slope  towards the 
river,  but  it  v;as  repaired  by  William  rlildenbrand, 
who  added  new  anchor  masonry.   For  several  years 
it  carried  a  single  line  of  track  for  light  street 
car  travel,  but  this  was  discontinued  in  December 
1904,  ViThen  the  adjoining  bridge  fell. 

On  September  15,  1886  as  a  squadron  of 
Uhlans  was  crossing  the  suspension  bridge  over 

if 

the  Ostrawitza  at  Mahrisch-Ostrau,  the  structiire 
gave  way  so  suddenly  that  the  whole  troop  was  pre- 
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cipitated  into  the  river  among  the  ruins,  six 
men  being  killed  instantly.    The  length  of  the 
bridge  was  310  feet  10  Inches  v;ith  a  central 
span  of  216  feet  6  inches  and  a  width  of  33  feet 
3  inches.   The  tovvers  were  16  feet  high  and 
supported  chains  of  sectional  area  24,4  sq,  inches. 

In  1889-91  Carl  Gayler  designed  and 
erected  the  Grand  Avenue  suspension  bridge  at 
St.  Louis.    It  carries  the  street  over  the  rail- 
road yards  in  thj?ee  spans.   In  designing  this 
bridge  a  special  effort  v^fas  made  to  secure  a 
structure  with  a  pleasing  architectural  effect, 
as  well  as  one  having  the  necessary  strength  and 
stiffness.    To  what  extent  the  designer  was 
sucessful  in  this  respect  may  be  judged  from  this 
view  (Fig,  15)  and  from  a  large  end  viev/  as  seen 
by  an  observer  at  an  anchorage,  that  may  be  found 
in  Engineering  Hews,  vol.  25,  page  610,  Jiine  27, 
1891.    The  trusses  consist  of  a  three-hinged 
arch  betv/een  the  towers,  the  tension  of  which  is 
resisted  by  trusses  at  each  side  also  hinged  at 
the  ends  where  they  are  connected  to  the  eye-bars 
in  the  anchorage.   The  eye-bar  cables  are 
stiffened  by  a  system  placed  beneath  them  having 
a  chord  parallel  to  the  cables  and  connected  to 
them  by  bracings  that  forms  isosceles  triangles. 
The  lower  chord  is  composed  of  stiff  members 
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Pig,15  Suspension  Erldge  over  Hill  Creek  Valley 
and  Railroad  Tracks,  Grand  Avenue, 
St.  Louis,  1891 


throughout.    The   main  span  between  centers  of 
towers  is  400  feet  long,  while  the  end  trusses 
have  spans  of  150  feet.   Mr.  G.  Koepcke  secu^-ed 
rigidity  in  the  Loschwitz  Bridge,  near  Dresden, 
by  using  stiff  members,  and  it  is  therefore  some- 
times called  a  cantilever.    It  has  a  central 
span  of  481  feet  and  two  side  spans  of  202  feet, 
with  metal  towers  carrying  a  platform  36  feet  wide, 
It  is  conspicuous  for  its  bright  color  of  cobalt 
blue  and  is  sometimes  called  the  "Blue  wonder". 

Many  of  the  largest  suspension  bridges 
in  the  United  States  span  the  Ohio  River  and  its 
tributaries.   A  very  interesting  one  over  the 
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« 
Ohio  River  at  East  Liverpool,  Ohio,  is  of  the 

stiffened  suspension  type.    Ihe  main  bridge  con- 
sists of  three  spans;   the  Ohio,  360  feet  long; 
the  Channel  705  feet,  and  the  IVest  Virginia, 
420  feet  long*    It  has  iron  towers  rising  to  a 
height  of  60  feet  above  low  v/ater.    The  cables 
are  built  of  seven  strands  of  tv/o  hundred  llo.  8 
E.V/.G.  oiled  steel  wires  1515.5  feet  in  length. 
It  was  opened  to  traffic  in  1897,   Another 
bridge  at  Rochester,  Pennsylvania  has  a  center 
opening  of  800  feet,  and  side  spans  of  400  and 
416  feet.   1!he  roadway  is  22  feet  wide  includ- 
ing one  7  foot  walk.    It  has  V7ire  cables  and  is 
stiffened  v/ith  steel  trusses  18  feet  deep.   Similar 
to  this  was  one  proposed  by  Herman  Laub  in  1897, 
to  cross  the  Ohio  at  Bellaire,  with  a  center  span 
of  850  feet,  but  it  was  not  carried  out.  A  very 
attractive  one  over  a  tributary  of  the  Ohio  River 
is  about  two  miles  from  Valley  Jundtion,  crossing 
the  TJhitewater  River  v;ith  a  span  of  498  feet. 
It  has  ornamental  stone  towers  12  feet  square 
at  the  base  and  36  feet  on  centers,  transversely 
v;ith  a  20  foot  clear  roadway  between  them.   The 
end  cables  are  not  loaded  and  the  floor  is  braced 
T/ith  stays  in  the  foiir  quarters  and  held  laterally 
with  guys  fastened  to  anchor  blocks  on  shore. 
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•Ehe  Langenargen  suspension  on  Lake 
Constance  is  of  the  stiffened  cable  type.   It 
vms  designed  and  built  by  Kubler  in  1898.   There 
were  tv;o  cables  5v  inches  in  diameter  made  of 
six  twisted  wire  ropes,  cradled  from  22  feet 
apart  at  the  center  to  32  feet  over  the  stone 
towers.   Ilie  Iluhlenthor  Bridge  over  the  Elbe- 
Trave  Canal  at  Lubeck  (1899)  was  stiffened  by 
means  of  lattice  ribs  below  the  floor. 

Betv/een  the  years  1900-04  two  suspen- 
sion bridges  v;ere  erected  crossing  the  Hew 
River  in  ITest  Virginia  at  Nuttalburg  and  Caper- 
ton.    Ihe  first  had  a  span  of  340  feet  support- 
ed by  fo\xr  cables  1:^-  inches  in  diameter  with 
masorj?y  towers  22  feet  high.    The  Caperton 
bridge  has  a  span  of  510  feet  and  wood  towers 
19-|  feet  on  centers,  transversely,  and  35  feet 
high,  sheathed  over  and  shingled.    The  bridge 
had  one  1^  inch  cable  on  each  side. 

In  1900  a  very  xinusual  suspension  foot- 
bridge was  erected  over  the  Lehigh  River  and  Canal 
at  Easton,  Pennsylvania.    It  was  designed  by 
E,  G.  Tyrell  and  joins  Dock  Street  on  the  lower 
side  of  the  river  with  Glenv/ood  Avenue  on  the 
upper  side,  90  feet  above  it.    This  great  differ- 
ence in  eletration  was  overcome  by  making  the 
floor  descend  on  a  grade  of  7.2  per  cent  from 
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the  upper  banl^  to  meet  a  stairs  rising  from  Dock 
Street  at  the  lower  side.    The  bridge  has  two 
river  spans  of  279  feet,  supported  on  steel  tow- 
ers 108  feet  high,  and  a  small  tower  at  the  upper 
end  from  which  the  cables  pass  over  Glendon 
Avenue  to  their  anchorages,  the  total  length  be- 
ing 8o4  feet«    Ihe  cables  are  2   3/8  inches  in 
diameter,  with  a  sag  of  l/lO  the. span. 

Four   years  later  another  interesting 
one  known  as  the  Ticonic  suspension  foot  bridge 
(Pig,16)  was  erected  at  Waterville,  I.Iaine, 


Pig. 16  Ticonic  Suspension  Bridge  over  Kenebec 
River,  T/aterville,  r.aine,  1903 


carrying  East  Temple  Street  over  the  Kennebec 

River,  with  a  center  span  of  400  feet.    It  was 

6  feet  wide  and  the  distance  between  towers,  trans- 
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vers ely,  was  20  feet.    There  are  tv;o  2  3/8  inch 
cables,  one  on  each  side.   The  tov/ers  are  72  feet 
high  above  the  water. 

During  this  time  several  interesting 
suspension  bridges  were  erected  in  Europe.   Ihe 
Shwur-Platz  Bridge  crosses  the  Danube  at  Budapest. 
It  had  a  central  span  of  951  feet  and  two  side 
spans  of  145  feet  each.   The  iron  towers  rest 
on  cast  steel  hinged  bearings.    The  roadway  is 
59  feet  vilde   carrying  two  tram  lines.   Ilie 
Bonhomme  suspension  bridge  crosses  the  River 
Elavet  midway  betvt^een  Hennebout  and  Lorient.   It 
has  a  total  length  of  778  feet,  one  central  span 
of  535  feet  and  two  short  spans  121  feet  each. 
The  roadway  is  88  feet  above  high  water.   Ilie 
main  span  may  be  considered  as  divided  into  three 
parts,  the  central  portion  being  himg  from,  five 
continuous  cables  on  each  side,  and  the  two  end 
portions  118  feet  long  hung  from  six  diagonal 
cables  on  each  side.    The  towers  are  148  feet 
high  above  high  water.   Another  suspension  bridge 
(Fig. 17)  crosses  the  River  Rhon  at  Vernasion, 
France,  Q^  miles  below  Lyons.   It  has  a  center 
span  of  763 « 6  feet  with  side  spans  of  172  feet 
and  139  feet.    The  width  of  the  roadway  is 
16,8  feet  supported  by  twenty-fovir  cables  of 
wires  in  concentric  layers  and  alternately  twist- 
ed. Each  cable  is  composed  of  one  himdred  and 
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Fig»17  Vernasion  Bridge  over  River  PJion,  Prance 


twenty-seven  wires ,  each  wire  having  a  diameter 
of  .146  inches.   Another  bridge  is  the  Pont 
Lorois  over  the  Etel  on  the  road  from  Pont  Lorois 
to  Auray,    It  has  a  single  span  of  360  feet,  and 
the  floor  is  40  feet  above  T;ater.    It  was  blown 
down  in  1894. 

Ihe  Elizabeth  eye-bar  suspension  bridge 
(Pig. 18)  which  crosses  the  Danube  in  a  single 
span  at  Budapest  is  a  model  of  elegance  and  sim- 
plicity.  The  main  span  from  center  to  center  of 
pfters  is  957  feet  in  length.    The  roadway  con- 
sists of  a  drivev/ay  36.3  feet  wide,  and  two  foot- 
ways, one  on  each  side.    The  suspension  chains 
are  arranged  in  two  pairs  66  feet  apart,  pivoted 
at  the  base  and  enclosed  by  masonry.    It  was 
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Fig.18  Eye-Bar  Cable  Suspension  Bridge  over  the 
Danube  River  at  Budapest,  Hiuigary 


designed  by  Avirelius  Czekellus,  engineer,  and 
K.    Nagy,  architect. 

In  1909  the  Diroontah  suspension  bridge 
(Pig.l9),  the  first  metal  bridge  to  be  erected  in 
Afghanistan,  was  opened  to  traffic.   The  struc- 
ture spans  the  Kabul  River  at  the  mouth  of  the 
famous  Diroontah  Gorge  about  seven  miles  from 
Jallahad.   The  span  is  396  feet  between  tower 
centers  v/ith  a  clear  width  betv/een  parapets  of 
10  feet.    It  v.'as  designed  for  pedestrian  and 
light  vehicular  traffic. 
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Pig.l9  First  Metal  Bridge  in  Afghanistan 


de  Kaiserbruecke  over  the  Oder  River 
at  Ereslau,  Germany,  was  built  in  1910.   It  has 
a  span  of  415  feet  and  is  used  for  highway  pxir- 
poses.    Ihe  supporting  chains  are  pairs  of  flat 
bands  composed  of  six  layers  of  steel  plate(bands) 
riveted  together,  having  four  bands  for  each 
chain.    Die  chains  are  65.6  feet  apart  center 
to  center.   Another  interesting  bridge  was  built 
about  this  time  in  Prance.    It  vifas  a  ^^ater-con- 
duit  suspension  bridge  crossing  the  River  Loire 
at  the  Village  of  Peuers,  France,  and  carries  a 
conduit  across  the  river  to  the  town.    The  main 
suspension  for  the  conduit  was  made  of  tv;o  cables 
suspended  from  anchors  fastened  to  the  sides  of 
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a  central  tov/er  and  crossing  to  the  opposite  side 
of  the  shore  towers.   The  conduit  v;as  slung  froin 
these  cables  by  means  of  crossed  smaller  cables 
attached  to  cross-bars  bolted  tight  to  the  main 
cables.    Ihe  central  tower  had  already  been  in 
service  on  a  highway  suspension  bridge  at  the  site. 

[Ehe  question  of  bridging  the  Rhine  be- 
tween Cd/ln  and  Dentz  had  been  under  consideration 
for  more  than  ten  years,  but  it  was  only  in  July, 

1911  that  tenders  v/ere  invited  by  the  Municipality 

II 

of  Coin  for  the  construction  of  a  new  street 

bridge  to  replace  the  then  existing  pontoon  struc- 
tiire.   Ihe  resulting  competition  led  to  no 
definite  selection,  and  a  second  call  for  designs 
limited  to  the  five  firms  having  the  best  "first" 
designs  v;as  initiated  early  in  1912  T;ith  the 

result  that  the  design  submitted  by  the  Haschienen- 

II 
fabrik  Angsbiirg-llurnberg  was  recommended  for 

adoption.   It  was  accepted  at  a  price  of  about 

seven  and  one-half  m.illion  marks.    The  bridge 

is  a  self  anchored  suspension  bridge.    The  chains, 

instead  of  being  led  to  land  anchorages,  as  Is 

customary,  they  are  anchored  by  bolts  to  the 

stiffening  girder  itself,  thereby  putting  the 

girder  under  compression.   The  middle  span  is 

605  feet  long  and  the  two  end  spans  each  one  half 

of  this  or  302i-  feet.    It  has  a  width  between 
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trusses  of  62.6  feet  center  to  center  and  a  road- 
way 36.7  feet  throughout.    The  chains  are  made 
of  6  inch  nickel  steel  eye-bars  and  have  a  versed 
sine  of  16-|-  Inches.    The  number  of  bars  in  each 
cable  varies  from  six  to  twelve;   their  thickness 
ranges  from  7/8  to  1  inch. 

A  new  suspension  bridge  erected  in  1912 
crosses  the  River  LaGrasse  at  Massena  Center,  St. 
Lawrence  County,  Nev;  York.    It  is  a  three  span 
structui-'e  with  a  main  span  of  400  feet  and  two 
side  spans  of  100  feet  each.   All  the  spans  are 
suspended  from  tv;o  cables,  each  cable  being  made 
up  of  seven  strands  each  1-|-  inches  in  diameter. 
The  cables  are  cradled  and  the  versed  sine  of  the 
main  cables  from  center  to  center  of  towers  is 
38  feet.    The  toriers  are  spaced  25  feet  apart 
on  centers  and  are  65  feet  high.    The  stiffening 
trusses  are  16  feet  on  centers  and  are  8  feet 
3-|  inches  deep. 

A  novel  suspension  bridge  crosses  the 
Danube  River  near  Passau,  a  city  on  the  frontier 
of  Austria  and  Bavaria.    The  novel  feature  of 
this  bridge  is  the  anchorage  of  one  end  of  the 
cable  to  a  high  rock  bluff  on  the  side  of  the 
river,  thus  dispensing  vfith  the  use  of  the  usual 
tower.    Ilie  span  is  414  feet  and  the  distance 
between  anchorages  is  681  feet.    The  sag  of  the 
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cable   is  40   feet  and  the  roadv/ay  is   21   feet  v;ide. 

In  1913  L,  H.  Chase  proposed  a  highway 
suspension  bridge  to  cross  the  Llerspy  River  at 
Liverpool,  England,   It  has  a  main  span  of 
2700  feet,  towers  500  feet  high  and  a  width  of 
50  feet  beti=reen  trusses,  and  a  clear  height  of 
200  feet  above  water.   It  is  proposed  to  support 
the  towers  500  feet  apart  transversely  and  cradle 
the  cables  in  planes  intersecting  20  feet  above 
the  roadway  at  the  approximate  vertical  center 
of  wind  pressure,  thus  securing  great  lateral 
stability.   A  novelty,  however,  is  in  the 
approaches  to  be  4-^  turns  of  a  helical  roadway 
contained  in  a  hollow  cylindrical  reinforced  con- 
crete toT;er,  200  feet  in  diamfefeer. 

A  recent  electric  railroad  bridge  with 
a  central  span  of  156  meters,  and  two  side  spans 
of  39  meters,  was  built  at  Villefranche-de- 
Confluent.    It  is  somewhat  similar  to  the  Ordish 
principle  and  has  a  platform  supported  by  a  S3'-stem 
of  cables  running  straight  from  the  panel  points 
of  the  floor  to  the  top  of  the  tower.   Several 
similar  to  this,  of  the  Gisclard  type,  in  spans 
up  to  42  meters ,  have  been  exported  and  erected 
in  French  Congo. 
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About  the  year  1914  a  suspension  bridge 
was  built  near  Hazelton,  li,'estern  Canada,  by  wire 
rope  manufactiirers  and  engineers  of  Wakefield, 
England.   It  is  of  the  Stiffened  suspension 
type  and  has  a  span  between  tower  centers  of 
451  feet.   The  bridge  platform  is  suspended 
250  feet  above  the  river  by  main  cables ,  2  7/16 
inches  in  diameter,  of  locked  coil  construction. 
The  suspender  rods  are  spaced  at  intervals  of 
4  feet.   At  each  end  of  the  bridge  there  are 
frame  towers  68  feet  high.    This  bridge  was  con- 
structed for  vehicular  and  pedestrian  traffic. 


fig. 20  Indian  Built  Bridge  across  the  Eulkley 
River,  Hazelton,  Western  Canada 


Beneath  the  bridge  is  the  suspension  bridge  Fig. 20 
built  by  Indian  trappers  about  1898.   The  struc- 
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tiire  is  a  cantilever  and  suspension  combination 
built  niainly  of  round  poles ,  telegraph  v^ire  and 
'•vooden  pins;   few  nails  being  used.    The  tele- 
graph wire  used  in  the  construction  is  said  to 
have  been  obtained  from  a  quantity  left  by  Col, 
Bulkley's  party.   Col,  Bulkley  was  the  builder 
of  the  telegraph  line  intended  to  connect  Europe 
with  America,  by  cable  across  the  Behrlng  Strait, 
which  project  was  abandoned  in  1867  when  the 
first  trans-atlantic  cable  v;as  laid,    The   plat- 
form is  suspended  from  a  large  steajii  boat  cable 
obtained  from  the  Hudson  Bay  Co.    The  travel 
across  the  bridge  consists  mainly  of  trappers 
and  their  outfits.    It  is  still  open  to  traffic, 

A  new  highvmy  crossing  of  the  Ohio 
River  was  put  into  service  April  29,  1916.   It 
is  a  suspension  bridge  betv/een  Parkersburg,  V/est 
Virginia,  and  Belpre,  Ohio,  and  is  located  280 
feet  below  the  Baltimore  and  Ohio  Railroad  cross- 
ing.   The  total  length  of  the  bridge  is  2,856 
feet  eonsisting  os  three  suspended  spans,  375, 
775,  and  275  feet  in  length.    It  has  two  electric 
railway  tracks  in  a  22  foot  roadway  and  one  6  foot 
sidewalk.   Each  cable  has  an  area  of  40,8  square 
inches  net  and  contains  seven  strands  of  llo,8  wire. 
The  stiffening  trusses  are  21  feet  deep  and 
spaced  24  feet  center  to  center.   Tlie  towers  are 
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made  of  eight  open  col\;imns,  braced  in  fours  to 
form  two  pedestals,  and  anchored  \7ell  dovm  into 
the  piers. 

An  interesting  bridge  v/as  recently 
built  across  the  Rogue  River  at  Agness  in  Ciu-'ry 
Coujity,  Washington,  with  v;ire  fencing  instead  of 
the  ustial  cables  as  suspension  members.    The 
bridge  is  659  feet  long  from  anchorage  to  anchor- 
age including  a  span  of  380  feet  over  the  v/ater. 
Ihe  fencing  used  on  the  sides  has  a  No,  7  top 
wire  while  the  second  and  botibom  wires  are  size 
No. 9  and  the  seventeen  Intermediate  wires  are 
size  No, 11.    The  flooring  consists  of  a  field 
fencing  T;ith  Ho. 9  wires  at  each  edge  and  eight 
No.  11  intermediate  v;ires.    The  piers  and  anchors 
for  the  bridge  are  cedar  logs  hevm  out  with  an  ax. 

A  remarkable  sixs  pens  ion  bridge  used  for 
pedestrian  travel  crosses  Pincher  Creeh  at  Alberta, 
Canada.    It  was  designed  and  erected  without  the 
services  of  an  engineer  by  a  member  of  the  town 
coiuacil  at  a  cost  of  ,590'.    The  span  was  160  feet. 
The  posts  carrying  the  cables  are  about  the  size 
of  ordinary  telegraph  poles.    The  anchorage  at 
one  end  is  a  cotton-wood  stump  and  at  the  other 
end  5/8  inch  round  iron  rods  driven  into  the 
ground.    The  footwalk  is  carried  on  five  strands 
of  woven-v;ire  fencing  sxxspended  on  each  side  by 
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eleven  uprights  of  3/16  inch  galvanized  iron 
wire  attached  to  each  cable.   The  cables  are 
made  of  1/8  inch  wire  passing  over  saddles  of 
f-  inch  pipe  passed  through  auger  holes  in  the 
posts.   The  most  remarkable  t:iing  about  this 
bridge  is  the  small  size  and  wide  spacing  of 
the  suspenders,  one  of  v/hich  was  broken  in  1913. 
Ihis,  however,  does  not  prevent  a  passage  in 
safety. 

For  many  years  the  Hudson  River,  near 
New  York  City,  has  been  the  scene  of  the  erection 
of  montimental  works  in  the  art  of  bridge  building. 
Here  the  most  notable  suspension  bridges  have 
been  built,  namely  the  Brooklyn,  the  Williamsburg 
and  the  Manhattan  bridges,   The  Brookl^ni  Bridge 
(Pig. 21)  crosses  the  East  River  from  Park  Rov; 
to  Sands  and  Washington  Streets,  Brooklyn,  and 
is  the  first  and  most  conspicuous  from  lower 
Hew  York  and  from  the  Harbor.   The  preliminary 
investigations  for  this  bridge  were  made  in 
1850-55  under  the  direction  of  John  A,  Roebling. 
I.Ir.  Roebling  did  not  live  to  see  the  completion 
of  the  bridge.   After  his  death  the  construction 
was  carried  to  completion  by  his  son.  Col.  V.ash- 
ington  Roebling.    The  main  span  is  1595  feet  , 
6  inches  and  each  of  the  land  spans  from  the 
center  of  the  towers  to  the  face  of  the  anchor- 
ages is  930  feet.    It  was  completed  in  1883 
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and  was  the  first  bridge  of  the  suspension  type 
in  which  steel  vias  used  for  the  cables,  suspen- 
ders, stiffening  trusses  and  floor  system.    The 
total  height  of  the  under  side  of  the  bridge  above 
mean  high  vrater  is  153  feet.   The  width  is  85  feet 


Fig. 21  Erookl^Ti  Bridge  over  East  River,  N.  Y. 

and  provides  for  tx^o  elevated  railroad  tracks, 
two  trolley  tracks  on  the  two  18  foot  highways, 
and  a  center  way  of  15  feet  for  pedestrians. 
The  two  massive  masonry  towers  are  carried  up 
to  a  height  of  272  feet  above  the  river.   The 
platform  is  supported  by  four  main  cables 
15f  inches  in  diejTieter  with  a  sag  of  128  feet. 
The  stiffening  trusses  have  on  several  occasions 
been  buckled  and  broken,  but  of  late  years,  the 
bridge  has  been  subjected  to  careftil  and  contin- 
ued scrutiny  by  competent  engineers,  and,  so  long 
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as  this  is  done,  no  fears  need  be  entertained 
for  the  safety  of  the  structure.   The  bridge 
has  been  recently  stiffened  and  the  floor  system 
completely  rebuilt  so  that  the  bridge  as  it  is 
now  T;ill  be  good  for  many  years  if  it  is  safe- 
guarded by  frequent  painting  and  careful  all 
around  maintenance. 

In  1894-5  work  was  commenced  on  another 


Pig. 22  WilliamiSbvirg  Suspension  Bridge  over 
East  River,  1904 

suspension  bridge  known  as  the  Williams biirg 
Bridge  (Pig,22).   The  location  of  the  crossing 
vfas  laid  from.  Delancy  Street,  llanhattan,  to 
Broadway  in  Brooklyn.    The  main  span  of  this 
bridge  has  a  clear  length  of  1600  feet,  and  com- 
pared with  its  predecessor,  the  Brooklyn  Bridge, 
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it  Is  a  much  larger  structure,  the  suspended 
roadway  being  120  feet  in  vvidth.    It  carries 
two  elevated  tracks,  four  trolley  tracks,  two 
18  foot  passenger  foot-walks  betv/een  trusses, 
and  tv/o  20  foot  roadv/ays  outside  of  the  trusses, 
carried  on  cantilever  extensions  of  the  floor 
beams.   The  underneath  clearance  for  the  passage 
of  ships  in  the  central  400  feet  is  155  feet. 
The  bridge  is  stiffened  by  tivo  unusually  heavy 
trusses,  each  40  feet  in  depth,  extending  con- 
tinuously from  anchorage  to  anchorage.   Ihere  are 
four  main  cables,  each  of  which  is  ISf-  inches  in 
diameter,  passing  over  the  steel  towers  carried 
to  a  total  height  of  555  feet  above  the  river. 
The  cables  for  supporting  the  roadway  are  attached 
to  the  main  cables  by  means  of  heavy  cast-iron 
saddles,  and  at  their  lower  ends  they  are  looped 
around  cast  steel  shoes,  from  which  the  floor  b 
beams  of  the  bridge  are  hvmg  by  fo\ir  heavy  steel 
bolts.    It  has  the  largest  traffic  of  any  bridge 
in  existence,  and  is  surpassed  in  length  only 
by  the  Forth  Bridge  in  Scotland,    The  total 
cost  of  tlie  bridge  including  the  approaches  and 
purchase  of  real  estate,  was  about  sp22,000,000. 
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■aie  third  of  the  great  crossings  of 
the  Eastgilver,  laiown  as  the  Manhattan  Eridge,  is 
located  about  a  quarter  of  a  mile  to  the  east  of 
the  old  Brooklyn  Bridge.    It  has  the  largest 
carrying  capacity  of  any  bridge  in  existence. 
Originally  designed  as  a  stiffened  chain-cable 
bridge,  the  plans  v;ere  subsequently  changed  by 
the  substitution  of  wire  for  chain  cables,  T;hich 
change  was  caused  by  a  change  in  administration. 
The  lower  deck  has  provision  for  foiH'  siirface 
tracks,  one  35  foot  carriage  way  and  tvfo  11  foot 
walks,  and  the  upper  deck  has  space  for  fovir  ele- 
vated railroad  tracks.   Ihe  platform  is  carried 
by  cables  21-j-  inches  in  diameter  hanging  in  ver- 
tical planes.   Each  cable  contains  thirty-seven 
strands  of  256  wires  each,  so  that  there  is  a 
total  of  9,472  wires  in  each  cable.    The  cables 
are  supported  by  tov/ers  consisting  of  foiir  appar- 
ently slender  but  exceedingly  heavy  aiid  stiff 
colviinns  that  rise  322  feet  above  the  v/ater  level. 
It  was  opened  to  travel  in  December,  1909,  and 
the  total  cost  was  about  ^v26,000,000. 

For  fifteen  years  or  more  the  proposed 
crossing  of  the  ITorth  or  Hudson  River,  with  a 
span  of  5100  feet  has  been  seriously  considered. 
It  would  exceed  any  suspension  yet  projected, 
though  a  cable  span  of  4427  feet  between  tov;ers. 
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consistlng  of  foujr'  7/8  inch  galvanized  steel  wire 
cables  is  in  use  at  the  Straits  of  Carquinez, 
California,  140  miles  fron  Oakland,  for  the  trans- 
mission of  power,  with  a  clear  head-room  beneath 
it  of  200  feet.   At  least  five  designs  for  the 
proposed  North  River  Bridge  have  appeared,  with 
estimated  costs  of  seventeen  to  thirty  seven 
million  dollars.   Of  these  the  crossing  at  or 
near  Fifty-seventh  Street  is  evidently  the  most 
desirable  from  a  traffic  stand  point  as  ITew 
Jersey  naturally  desires  the  bridge  to  be  as  far 
south  as  practicable  to  accomodate  the  large 
centers  of  population.    This  situation  is  also 
the  most  central  in  New  York,  and  practically 
opposite  the  Queensboro  Bridge  over  the  East 
River,  thus(galnin)  giving  a  througji  line  of 
travel  from  Long  Island  to  New  Jersey.    The 
design  for  this  structure  followed  closely  Linden- 
thai  's  eye-bar  design  for  the  1,'anhattan  Bridge, 
(described  in  Eng.  News  Feb.  26,  1903  p.  185,  and 
subsequently  not  built. )   Ihe  towers  are  of  steel 
and  the  bridge  is  located  with  its  axis  half  way 
between  Fifty-seventh  and  Fifty-eighth  Streets. 
As  material  for  suspension  bridges  is 
comparatively  light  and  more  easily  transported 
than  riveted  structur-al  work,  many  bridges  of 
this  type  have  been  erected  in  foreign  countries. 
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One  of  the  largest  of  this  kind  is  the  Occident 
suspension  at  Antioquia  over  the  Gauca  River, 
Colvonbia,  South  /jnerica.    This  bridge  has  a 
span  of  940  feet,  with  the  small  cable  sag  of 
30  feet.    The  bridge  is  12  feet  wide,  and  has 
two  4  inch  cables  at  each  side  with  hollov^  tow- 
ers, the  lower  12  feet  of  which  are  of  brick 
s\i2?mounted  with  timber  frames.   It  is  one  of 
the  very  llgjitest  bridges  ever  made  and  is  re- 
markable for  its  extremely  flat  cables.   Another 
bridge  in  Colvmbia  over  the  Guarino  River  at 
Honda  has  a  span  of  130  feet,  a  roadv/ay  12  feet 
wide  and  towers  16  feet  high  made  of  iron  pipe 
filled  with  concrete.    In  the  years  1895  to  1900 
H,  G.  Tyrell  made  several  designs  of  suspension 
bridges  for  export  to  Mexico  and  South  /anerica, 
mostly  in  short  spans  of  250  feet.    In  1900  a 
suspension  bridge  with  a  span  of  1.030  feet  was 
erected  for  the  Spanish  Silver  Mines  at  Mampimi, 
I.iexico,  over  the  Ojuela  River.   It  was  supported 
by  two  wire  cables  on  timber  tov;ers  50  feet  high, 
and  on  30  foot  centers.   Each  cable  consisted 
of  three  two  inch  steel  wire  ropes.   There  are 
four  stays  in  each  quarter.   Across  the  Rio 
Chiriqui  in  Panama  there  is  a  suspension  highway 
bridge  with  a  single  span  of  410  feet.   The  cables 
are  fovir  2-g  inch  wire  ropes  pulled  across  the 
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river  on  f-  Inch  temporary'-  cables.   Considerable 
difficulty  v;as  encomitered  in  transporting  the 
four  cables.   The  almost  impossible  task  of  se- 
curing experienced  men  to  do  field  riveting  on 
a  small  job  in  a  new  and  isolated  tropical  country 
were  vital  fact ore  in  the  further  design*   This 
choice  of  structure  is  due  to  the  torrential 
natuj:'e  of  the  river  and  was  arrived  at  after  a 
center  pier  in  the  course  of  construction  for  a 
two  span  suspension  bridge  had  been  washed  ovit 
by  a  sudden  rise  of  the  water. 

Suspension  bridges  have  been  erected 
in  various  parts  of  New  Zealand  and  have  with- 
stood iBJery  severe  practical  tests,  and  have  proved 
satisfactory  in  regard  to  their  stability,  simpli- 
city, and  comparative  cheapness.    The  Eawaran 
suspension  bridge  over  the  River  Kawaran  has  a 
span  of  300  feet.    The  platform  is  12  feet  wide 
between  the  girders  and  is  suspended  140  feet 
above  ordinary  v/ater  level.    The  cables  were  con- 
structed by  the  Warrington  ?/ire  Rope  Co.,  and 
are  com.posed  of  twenty-eight  galvanized  steel 
wire  ropes  4  55/8  inches  in  circumference,  each- 
rope  consisting  of  six  strands  of  several  wires 
each  with  a  core  of  hemp.    The  ropes  are  arrang- 
ed in  sets  of  four,  two  on  each  side  of  the  bridge. 
The  versed  sine  of  the  cables  is  l/l3  of  the  span 
and  the  cables  are  drawn  together  at  the  center 
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about  5  feet  forming  horizontal  as  well  as  verti- 

oal  ctirves.   Violent  wind  storms  ViThich  are  fre- 
quent in  the  gorge  have  but  little  effect  upon 
the  structure.   The  Strath  Taieri  Bridge  over 
the  Taieri  River  at  Strath,  Nev/  Zealand,  com- 
pleted an  \ininterrupted  road  from  Dunedin,  the 
chief  provincial  tovm.   The  span  hetv;een  towers 
is  150  feet  and  the  clear  width  between  trusses 
is  14  feet.    There  are  eight  cables  consisting 
of  flat,  plough-steel  v^oven  wire  3  x  ^   inches  in 
sections  made  up  of  fourteen  strands  of  seven 
wires  each,  and  one  similar  interlacing  strand. 
The  to;7ers  are  of  ashlar  masonry  laid  in  12  inch 
courses.   The  upper  Hut  Bridge  over  the  Maori 
River  (Pig. 23)  has  a  span  of  112  feet  and  a 
width  of  12  feet.    There  are  two  25  foot  towers 
on  each  side  of  the  river.    The  eiglit  cables 
have  a  brealring  strerigtli  of  75  tons  each,  the 
eight  totaling  600  tons.    The  suspender  rods 
are  sixty-tx^o  in  number,  ms.de  of  7/8  inch  iron 
and  are  attached  to  the  roain  cables  by  clips  at 
intervals  of  5  feet.    The  Taoroa-Taihape  Bridge 
has  a  clear  span  betv;een  towers  of  253  feet,  the 
deck  being  270  feet  above  the  Rangitikei  River 
bed,  near  Tailiape,  North  Island.   Eight  steel 
cables  support  the  bridge  and  pass  over  tv;o  ferro- 
concrete tov;ers  on  each  side  of  the  river.    Two 
suspension  bridges  which  span  deep  gorges  some 
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Pig.23  The  Upper  nut  Bridge  over  l.:aorl  River  N.Z. 


180  feet  above  the  stream  bed,  are  situated  on 
the  Seddon-Holesworth  road,  Awatere  County,  I.Iarl- 
borough,  about  twelve  miles  from  the  to^imship  of 
Seddon.    The   bridges  are  of  similar  design,  and 
have  spans  of  96  feet  (Fig. 24)  and  80  feet  re- 
spectively.   The  anchor  towers  are  of  concrete. 
There  are  four  cables  5  inches  in  diameter  pass- 
ing over  the  towers  on  a  cast  iron  saddle  v;ith 
six  iron  vfheels  to  each  cable.    The  suspending 
rods  that  carry  the  bridge  from  the  cables  are 
composed  of  steel,  1  inch  in  diameter,  and  are 
spaced  at  intervals  of  5  feet  and  fixed  to  the 
cables  v/ith  clips.   During  the  tests  a  13  ton 
traction  engine  was  driven  onto  the  structures, 
and  only  the  very  slightest  oscillation  was 
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Flg.24   The  Upton  Downs  Bridge,"  Atwatere 
County,  Mar  lb  or  ou^ 


visible  v/hile  the  engine  was  moving.   It  was 
stopped  in  the  center  of  the  bridges  and  tests 
of  deflection  T;ere  taken,   V/ith  over  150  people 
on  the  larger  structure,  besides  the  engine,  the 
deflection  registered  tvas  l^-  inches.    The  de- 
flection of  the  shorter  bridge  was  1  inch.   Two 
bridges  were  also  built  for  the  V/ayaT/a  Coiinty 
Coujicil  (Hawke's  Bay)  at  Ashely,  Clinton,  one 
being  165  feet  and  the  other  155  feet  long.  Sight 
cables  passing  over  concrete  towers  support  the 
floor  in  both  bridges.   Each  bridge  is  prac-fclcally 
all  concrete,  steel  and  iron,  and  the  total 
T/eight  of  the  structure  on  the  cables  is  about 
52  tons. 
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As  suspension  bridges  can  be  erected 
in  a  comparatively  sh6rt  time,  they  have  fre- 
quently been  used  as  temporary  structures  to 
replace  others  v;hich  have  been  washed  av/ay.   They 
were  used  at  Kansas  City  after  the  flood  of  1904, 
and  one  v;as  erected  over  the  Tiber  at  Rome  where 
two  arches  of  Ponte  Rotto  v/ere  swept  out.   Another 
at  Rome  (1889)  has  stiffened  cables  somev^hat 
like  those  of  the  Point  Bridge  at  Pittsburg.   A 
temporary  suspension  bridge  T/as  used  for  fill- 
ing in  a  high  embanlanent  at  Lone  Tree  Greek  on 
a  diviation  of  the  Union  Pacific  Railroad,  in  the 
Roclcy  L:0unt4±n  district*    Ttie  bridge  consisted 
of  four  main  cables  of  steel,  each  S-^-  inches  in 
diaineter,  spaced  at  2  foot  centers.    The  clear 
span  betv^een  towers  was  500  feet  and  the  deflec- 
tion when  fully  loaded  v/as  44  inches.    It  also 
had  an  aiixilliary  cable  on  each  side  1-|-  inches 
in  diameter,  the  tv;o  being  15  feet  apart.   Steel 
guy  wires  were  secured  to  the  road  at  30  foot 
intervals  and  anchored  to  the  side  of  the  canyon. 
These  guys  served  to  check  lateral  oscillations. 
Car  loads  of  earth  were  rvai   out  on  the  bridge, 
and  the  dirt  dumped  into  the  valley  below.   One 
accident  occured  during  the  construction,  ivhen 
a  train  of  fifteen  cars  fell  into  the  valley 
below.   Another  bridge  of  this  type  was  used  in 
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cons  true  ting  a  high  erabanlanent  near  Freiburg, 
SviTitzerland,  across  two  narrovj  hut  unusually  high 
ravines.    The  lengths  of  crossing  respectively 
vfere  345  feet  and  560  feet.    Ihe  cables  consist- 
ed of  a  single  ^.Tire  rope  each,  supported  on  v;ood- 
en  portals  frames  20  feet  high,  and  anchored  to 
the  platforns  vf eight ed  ivith  stone.    The  deflec- 
tion of  the  bridge  under  load  ivas  some  tines  as 
much  as  3  feet.   The  total  cost  of  tliis  struc- 
tiire  was  .;:1600.   A  suspension  bridge  across 
Placer  River  Canyon,  52  miles  north  of  Sev^ard, 
Alaska,  on  the  line  of  the  Alaska  Central  Rail- 
road was  built  to  give  foot  passengers  from  the 
camps  access  to  tunnel  work  on  the  other  side  of 
the  canyon,  and  to  carry  air  pipe  lines  from  the 
compressor.   It  had  a  span  of  120  feet  and  the 
platform  v^as  supported  by  t^7o  f  inch  cables  at 
an  elevation  of  125  feet  from  the  bottom  of  the 
canyon.   After  its  erection  two  other  il-  inch 
cables  were  added  to  stiffen  the  bridge  laterally. 
A  temporary  foot-bridge  of  the  suspension  type 
was  erected  in  the  tovai  of  Sulphur,  Oklahoma,  in 
the  Piatt  National  Park.    It  was  designed  by 
I.:r.  H.  V.  Hinl:ley,  consulting  engineer  and  con- 
structed imder  the  direction  of  i:r.  Albert  R. 
Green,  Park  Superintendent.    It  has  a  span  of 
120  feet  and  the  total  cost  was  .p950.   During 
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construction  of  the  Panama  Canal,  a  highway  sus- 
pension was  erected  across  the  Panama  Canal  Cut 
at  Empire,  C.  Z.  ,  with  a  span  of  600  feet.   "Hie 
main  cables  v;ere  870  feet  in  length,  made  of 
galvanized  cmicible  steel  25-  inches  in  diameter, 
two  on  each  side.    The  towers  v;ere  of  creosoted 
timber  and  60  feet  high.    It  v/as  opened  to 
traffic  on  July  51,  1909,  six  months  after  con- 
struction T/as  started.    It  was  built  to  carry 
pipe  lines  and  v;ater  mains  across  the  Culebra 
Cut  for  operating  drills  and  steam  shovels  along 
the  east  side  of  the  cut.    Temporary  suspension 
bridges  v/ere  used  to  cross  the  ffpeedviray  at 
Indianapolis,  and  at  Youngstown,  Ohio,    The 
Speedway  Bridge  had  a  span  of  80  feet  and  crossed 
over  the  track  from  the  grand  stand.    It  was 
of  very  light  construction.    The  Youngstown 
Bridge  crosses  the  Ilahoning  River  at  Northwest 
Avenue  and  is  only  16  feet  wide.    It  replaces 
the  old  fixed  bridge  ¥;ashed  out  by  the  great  flood 
of  I.iarch,  1913,  and  its  emergency  successor,  the 
pontoon  bridge,  which  was  carried  axTay. 

A  nxxmber  of  very  artistic  suspension 
bridges  may  be  found  in  the  parks  of  Boston, 
Chicago  and  San  Francisco.   A  small  suspension 
in  L:ill  Creek  Park,  Youngsto^-m,  Ohio,  v;ith  stiff 
eye-bar  cables  was  built  in  1894  and  is  the  work 
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of  Charles  E  Fov/lsr.    T!he  span  is  90  feet  be- 
tv;een  tov/ers  and  the  roadv/ay  20  feet  wide,  with 
two  walks  of  5  feet  each,   Eoston  has  a  very 
artistic  bridge  of  this  type  over  the  lagoon  in 
the  public  gardens,  adjoining  the  Boston  Coraraons. 
I.iore  recent  ones  are  in  Garfield  Park,  Chicago, 
and  in  Golden  Gate  Park,  San  I^rancisco.    In  1887 
several  yo-ang  men  erected  a  suspension  bridge 
across  the  Desplalnes  River  at  Oak  Park,  Illinois. 
It  v/as  an  unusual  foot-bridge  (Pig,25),  with  a 
span  of  125  feet.   Four  cables  5/3  inch  in  dia- 


Pig.25  C^iriov^s  Foot-Eridge  across  the  Desplalnes 
River  at  Oak  Park,  Illinois 


meter,  hixng  betv/een  two  trees  for  towers  on  oppo- 
site banlcs,  supported  the  floor.    Hie  United 
States  Forest  Service  has  used  the  suspension 
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type  of  bridge  to  span  the  deep  canyons  in  the 
National  Forests  of  the  ITorthT/est.    Seven  sus- 
pension "bridges  have  been  built  in  the  States  of 
Oregon,  and  V.'ashington,  in  recent  years*   In  the 
case  of  the  Thunder  Creek  Bridge,  a  suspension 
bridge  with  a  96  foot  span,  the  heavy  snows  of 
the  region  niade  it  necessary  to  design  for  a  snow 
load  of  125r=  1  square  foot.    The  cables  v;ere  two 
wire  ropes  If^-  inches  in  diameter  and  the  cost  of 
the  structuj'e  v;as  ;|2500.   One  at  Skagit  River, 
near  Ruby  Greek,  replacing  an  old  wooden  truss 
erected  at  the  site  by  miners,  had  a  span  of  84 
feet,  but  stands  150  feet  above  water.    The  tow- 
ers were  founded  on  rock  cliffs  at  the  entrance 
of  what  is  knoTTn  as  Canyon  Diablo.   The  Wenatchee 
suspension  bridge  has  a  span  of  190  feet  between 
towers  and  is  located  three  miles  northeast  of 
Chewaulomi,  V/ashington,  a  station  on  the  Great 
Northern  Railroad.    The  towers  are  58  feet  high 
and  support  two  cables  made  of  1-^  inch  crucible- 
steel  v;ith  wire  centers.   The  fioor  of  the  bridge 
is  supported  by  ^   inch  rods  and  3/8  inch  cables 
fastened  to  the  main  cables  by  1-^-  inch  Crosby 
clamps  at  intervals  of  6  feet.    The  Cowlitz 
River  is  crossed  by  a  suspension  bridge  having 
a  span  of  180  feet  center  to  center  of  towers. 
The  towers  are  of  hev;ed  timber  built  on  cribs  18 
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feet  high.    The  cables  are  tv;o  2%   inch  crucible- 
steel  ropes  nith  v/irc  centers.   One  anchorage 
is  in  solid  rock  vihile  the  other  is  a  solid 
block  of  concrete,  weighing  approximately  thirty- 
seven  tons. 

In  the  earlier  types  of  suspension 
bridges  the  floor  was  directly  suspended  by 
hangers  to  the  main  cables  so  that  a  load  at  any 
point  would  cause  a  further  sagging  or  deflec- 
tion in  the  cable  at  that  point  and  a  rising  at 
other  points.    This  produced  a  wave  motion  in 
the  floor  as  the  load  proceeded  across  the  span. 
This  lack  of  rigidity  prevented,  to  a  large  e:ctent 
the  adoption  of  the  suspension  bridge  v;here  heavy 
live  loads  were  to  be  carried.    To  overcome  this, 
the  floor  system  was  at  first  modified  by  using 
long  floor  joists  extending  over  several  panels 
and  adopting  stiff  and  rigidly  braced  hand  rails , 
thereby  distributing!  the  load  to  a  larger  portion 
of  the  cables.    Following  this,  stiffening  trusses 
were  introduced  which  ran  the  full  length  of  the 
span  and  v;ere  attached  at  regular  intervals  by 
hangers  to  the  cables.    The  lack  of  rigidity  com- 
bined with  the  inadequate  allowance  for  stresses 
due  to  ivind  action  has  been  the  cause  of  the  great- 
er portion  of  the  failures  of  this  type  of  bridge. 
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Although  the  theory  of  the  stiffening  truss  has 
been  greatly  Improved  in  recent  years,  and  the 
flexibility  so  noticeable  in  earlier  designs 
has  largely  disappeared,  as  a  consequence,  there 
is  still  a  big  field  for  the  present  generation 
of  engineers  to  cover  before  the  suspension 
bridge  is  brought  to  its  highest  development 
and  the  theory  of  its  action  is  as  nearly  as 
possible  perfect. 
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Placer  Canyon  bridge,  Alaska  Cent.  Ry. — Eng.lT,, 

V. 55, p. 472  Apr. 26,  1906 
Point  bridge  over  the  Ilonongaliela  River,  Pittsburg, 

Pa.— Am.Soc.C.E.,  v. 7,  p. 367,  IIov, -Dec.  ,1878; 

Eng.N.,  V. 3, p. 220  July  8,  1876;  v. 4,  p. 89, 

Apr. 4, 1877;  v.51,p.49, Jan,21,1904;  v. 55, p. 85, 

Jan.26,1905;  Eng.Rec. ,v.51,pp.517,540, 

I.:ay  6,  13,  1905 
Pont  Lorois,  pall  of — Sci./>^. ,  v. 71,  p. 389,  Dec. 22 

1894 
Primitive  suspension  bridges — Eng.H.,  v. 46, 

pp. 279, 439,  Oct. 10,  Dec. 5,  1901 
Principal  bridges  of  the  world--suspension  bridges 

Engineer,  v. 125,  p. 463-4,  May  31,  1918 
Proposed  highvfay  bridge  across  the  Hudson  at  II. Y. 

Eng.lT.,  V.69,  pp. 839, 41,  Apr. 24,  1913 
Proposed  Hudson  River  bridge — Eng.Rec,  v,67, 

p. 384-6,  Apr. 5,  1913 
Proposed  long  span  bridge  over  the  liersey — 

Eng.Rec,  V.67,  p. 73,  Jan.  18,  1913 
Queensborough  and  Ilanliattan  bridges  across  the 

East  River — Sci./jn. ,  v. 100,  p. 281-2 

Apr. 10,  1909 
Rebuilding  the  I.Ionongahela  bridge--Am.Soc.C.E. , 

V.12,  p. 353,  Sept.  1883 
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Recent  progress  on  Lianlicttan  bridge — Zng.PJec, 

V.54,  p. 200-2,  Aug, 25,  1906 
Reconstruction  of  old  Essex-I.ierrimac  bridge — 

Eng.N.,  V.70,  p. 585,  Sept. 25,  1913 
Reinforcing  the  l/illiajnsburg  bridge  luider  traffic 

Eng.lT.,  V. 71, p.  1082,  Hay  14,  1914 
Renewal  of  Niagara  suspension  bridge — Inst.C.E, 

V. 65, p. 589 
Replacing  stone  towers  of  Niagara  bridge — Am.Soc. 

C.S.,  v.l,p.27.  Hay  18,  1868 
Restoration  of  the  cable  ends  of  the  Covington 

and  Cincinnati  suspension  bridge--Am.Soc, 

CE.  ,  V. 28, p. 47,  Feb. 1895 
Roche -Bernard  suspension  bridge — J.Pr.Inst.,  v. 71, 

pp. 94, 145, 227,   Apr. 1851 
Schvrur-Platz  suspension  bridge  at  Budapest — Inst. 

CE.  ,  V. 142, p. 410 
St.  Chris tophe  suspension  bridge.  Renewal  of 

anchor  cables — Inst.C.E.,  v. 88, p. 467 
St.  Ilpize  and  Lamothe,  Suspension  bridges  of — 

Inst.C.E. ,  V.85,  p. 428 
Strath  Taieri,  IT.Z. — Inst.C.E.,  v. 76, p. 550 
Supers tru.ctiire  and  erection  of  Llassena  Eridge-- 

Eng.Rec,  V. 66, pp. 489-91,  llov.2,1912 
Suspension  at  Bath — J.Pr.Inst.,  v. 50,  p. 201, 

Sept.  1840 
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Suspenslon  bridges— Eel. Engin. ,  v. 4, p. 594, 

Jiine  1871;  v. 11, p. 265,  Sept.  1874 
Suspension  bridges — A  Study Am.Soc.C.E*,  v. 36 

p. 359,  Dec. 1896 
Suspension  brldges-U.S, A. — Scl.Am. ,  v. 40,  p. 557, 

Ilay  31,  1879 
Suspension  bridges  in  IleT?  Zealand — Engineer, 

V. 124, p. 52,  July  20,  1917 
Suspension  foot  bridge.  Oak  Park,  111. — ScL/on. , 

V. 57, p. 55,  July  23,  1887 
Suspension  bridge  of  600  foot  span  across  the 

Gulebra  Cut  of   the   Panaiiia  Canal — Eng.N. ,    • 

V. 62, p. 659-60,  Dec,  16,  1909 
Suspension  bridge  solves  problem  of  crossing  the 

Rio  Chiriqul  in  Panama — Eng.li.,  v,78, 

p. 433-5,  nay  31,  1917 
Suspension  bridge  v/lth  flat  iron  cables  of  rivet- 
ed plate  construction — Eng.N.,  v. 65,  p. 435-6, 

Apr. 13,  1911 
Teesta  suspension  bridge.  Description  of  the — 

Inst.C.E, ,  V.68,  p.337 
Temporary  suspension  bridge — Eng.Rec,  v. 58, 

p. 446-7,  Oct. 17,  1908 
Testing  suspension  bridge  chains  after  100  years 

of  service--Sci.Am. ,  v. 104,  p. 442  Hay  6,  1911 
The  old  Essez-L.errimac  chain  suspension  bridge  a.t 

NeiTburyport ,  Hass. --Eng.N. ,  v. 66, p. 129, 

Aug. 3, 1911 
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^ree  great  suspension  bridges  across  the  East 

River,  IT.Y. — Sci.Am. ,  v. 85,  pp. 65, 70 

Aug.  3,  1901 
Ticonic  foot  bridge,  V/aterville,  He.,  over 

Kennebec  River — Eng.Rec,  v. 50,  p. 451, 

Oct.  15,  1904 
Tvvo  early  suspension  bridges  Just  taken  donn — 

Eng.II.,  V. 75, p. 201-2,  Feb. 3,  1916 
Two  simple  suspension  bridges — Sng.li. ,  7,73, 

p.  1134  Jiine  10,  1915 
Upper  ?Iut  Bridge — Engineer,  v.  124,  p. 52,  July  20, 

1917 
Upton  Lovms  bridge — Engineer,  v. 124,  p. 52, 

July  20,  1917 
Vernasion  suspension  bridge — Sci.Am. S,,  v. 56, 

p. 23220,  Oct.  10,  1903,  Inst.C.E. ,  v. 156, 

p. 468 
Villefranclie  suspension  bridge — Engineer  v.lOl, 

p. 98,  Jan.  26,  1906,  Inst.C.E.*,  v. 145,  p. 305 
i7illiarasburg  bridge  over  the  East  River,  IT.Y. — 

Eng.il.,  V.36,  p. 76,  July  30,  1896;  v. 39, 

p. 114,  ?eb.l7,1898;v.40,p.66,  Aug. 4, 1898; 

v.42,p.350,lTov.23,1899;  v. 43, p. 301,  Llay  lo, 

1900;  v.45,p.289,Apr.l8,1901;  v. 48, p. 593, 

llov.13.1902;  v. 50, p. 335, Dec. 17, 1903;  Eng.Rec. 
V. 34, p. 158, Aug. 1,1896;  v. 37, p. 228, 251,  Feb. 12, 19, 

1898;  V. 40, p. 573, "ov. 1899;  v. 41, p. 445,  i:ay  12 
1900;  V. 43, p. 420,  i:ay  4,  1901;  v. 46,  p. 400,  Oct. 
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25,1902;v.43,p.576,  Dec. 19,  1903;  v,49,  p. 76 
Jan.16,  1904;  R.R.Gas.,  v. 28, p. 533, July  31, 
1896;  V. 30, p. 97, Feb. 11, 1893; V, 31, p. 803, 
Ilov.  24, 1899;  V. 33, p.  264,  Apr.  19, 1901. 

?/lre  raesh  instead  of  cable  iii  a  western  suspen- 
sion bridge— Eng.N. 79,  p. 1026,  Hov.29,1917 

Wire  suspension  bridge  at  Piatt  national  Park — 
Sci.xim.  ,  V. 99, p. 136,  Aug. 29,  1908 

Yarmouth,  Failure  of  suspension  bridge  at--- 
Inst.G.E. ,v,4,p,291, 

Youngstovm,  Ohio, over  Hill  Creek — Eng.Rec.,v,30 
P. 422,  Ilov. 24,  1894 


